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a : Se USB DIGITAL 
Capture higher resolution still and video MICROSCOPE 
images then display them on your PC using a simple , a 
| USB connection. Simply plug into your computer, download the 
| software and view objects on your PC up to 400x. The bright LED 
white light allows you to see the objects even clearer! Great for 
hobbyists and curious young minds. 


Capture Resolution: up to 1600 x 1200 00 
Video format: AVI x789” 
© Still image format: JPG and BMP Cat: R789 3247 


e Bundled software: MicroCapture 


© Operation System: Windows 98SE/ME/2000/XP/Vista 
7 
PROBE & 


© Size: 110(L) x 33(R)mm 
$10 THERMOMETER 





Suitable for lab, chemistry and industrial 
applications. It measures in Celsius and 
Fahrenheit and has a stainless steel probe and protective cap. Batteries included. 


e Auto power-off and low battery indication 
e Data hold 

Range: -50 - 270°C, (-58 - 518°F) 
Resolution: 0.1°C (1°F) 

e Accuracy: 1.5% 











¢ Dimensions: 185(L) x 36(W’ 


ie; 


Just like a .38 Special, this CTION SCREWDRIVER 


screwdriver has a rotary magazine that stores the bits. When you need a 
different bit, rotate the magazine, pump the reloading action and the new bit is 
inserted into the ratchet head ready to go. The handle stores 4 reserve bits and 
8 other bits are included, but you can add any 4mm hex drive bit you like. 


© PH: 00, 0, 1,2 

© Slotted: 1.5,2,3 —~<s 

© Torx: T5, T6, T8, 110 

¢ Dimensions: 168(L) x 26(Dia)mm 


H)mm Was $34.95 




















SET S 400Pc ; 
Much cheaper than 


the hardware store and wih 400 pieces, this kit will service 
every bit you will ever need. Housed in a plastic case. Contents 

j includes sanding arbours, sanding belts, drill bits, collets, 

| assorted grinding stones and polishing wheels with arbours, TC 
and diamond burrs, wire brushes, cutoff wheels, buffing mop 

| with paste, paint removing 


ss} wheel, 250 sanding discs and more. $39 95 
* Case measures: 210(W) x 300(H) x 70(D)mm SSeS 
Was $69.95 


 Crimpless F-Type Plug to RG 6 Cat. PP-0671 
e Crimpless BNC Plug to RG6 — Cat. PP-0675 








CRIMPLESS 
PLUGS j 


No crimper or . 

soldering required. 
$2.95 
$3.50 








2CB HOLDER WITH 
1AGNIFYING GLaAss 


Any time you need that ‘extra bit of help with ‘your PCB 
assembly, this pair of helping hands will get you out of 
trouble. With a 90mm magnifying glass, it also provides 
an extra pair of eyes. 


394% 


Cat: TH-1983 





© Dimensions 78(L) x 98(W) x 145(H)mm | 





*Savings ‘off original RRP. 


Free Call: 1800 022 888 for orders! 
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100G Pocket @ 
SCALE 

Compact design, ideal for laboratory, diets, clinical, " , 

jewellery or lapidary work. Measures up to 100 grams 

with excellent resolution and weighs in grams, carats, 

pennyweight or ounces. 1 x CR2032 battery included 


© 60 second auto power-off 

e Tare function 

© 0.01g resolution 

Storage bag included 

e Dimensions: 72(L) x 40(W) x 10(H)mm Was $49.95 








Features include extra large display with 
25mm high digits, frequency, temperature and i transistor tester. ‘Also 
included is a protective holster with hanging clip and tilting bail, low 


battery indicator, overload protection & test leads. 
399% 
Temperature Cat: QM-1320 


e Display: 2000 count iim, 


95(W) x 45(D)mm Was $29.95 @ 
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CABLE STRIPPER y 


@ \2= Cat; TH-1815 


IDC CRIMPING 5) 


© 32 range e Transistor & diode test 
Audible continuity 
e Capacitance 
© Cat Il 600V 


© Dimensions: 200(H) x 











Strips insulation from any coax cable and 
ideal if you only need to strip coax occasionally. 
Simply insert the cable, twist and turn, then use the other 
end of the tool to remove the inner insulation. 











Suits all IDC cable connectors. Commonly used for 
connecting items such as SCSI and IDE computer 
plugs. Don't destroy connectors with a vice or a 
hammer, crimp them the easy way. Crimping distance 
from 27.5mm to 6mm (with attachment), 








MASTER HANDBOOK OF 
SOUSTICS STH EDITION 


An essential technical reference source for acoustics, A hands-on 
approach to acoustic measurement, room dimensions, speaker 
placement, room response, reverberation and how to build sound 


absorbers or diffusers. 
5TH ~~. S700 
EDI TION a Cat: | 


CUITS 2 


© Softcover, 510 pages, 
235 x 190mm 











Companion to the popular 308 circuits Swit? many mr Reus 
in audio, video, car, computer, hobby, home, test, power supplies, 
chargers and more. The book is divided into categories to help 

find circuits easier. Each circuit has a diagram and a photo of the 


finished project. 
9.94 95 
Cat: BM-2470 ay 


Prices valid until 23rd February 2010 
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Publisher's Letter 


Wind farms are a blight for people 
in their vicinity 

Last month, I wrote about how wind power is not a 
substitute for base-load power generation. And while 
there may be fairly wide agreement with that argument, 
there is another aspect of wind power which has rarely 
been discussed: the effect of wind farms on people who 
live close by. 

In the past, I have not understood the vociferous op- Ay 
position of some communities to wind farms. They claim} 
that they are a blight on the landscape or that they are 
a hazard to birds or they object to the noise they make. Well, whether or not they 
are a blight on the landscape is fairly subjective. For my part, I see wind turbines 
as graceful machines spinning slowly in unison but I can understand that some 
people would prefer the original unaltered landscape. 

But noise? Why would noise be a problem? These very large machines are virtu- 
ally silent, aren’t they? Years ago, I stood immediately underneath a wind turbine 
as it was operating and concluded that any noise was negligible compared to the 
noise of the wind itself. And most acoustical consultants have produced pretty 
much the same conclusion: noise is negligible. 

It turns out that if you live in the vicinity of a wind farms, noise is most certainly 
a problem ~ a really big problem! While wind turbines actually produce very little 
audible noise they do produce infrasonic noise, ie, noise in the range 0-20Hz and 
it is this noise which affects people who live nearby — they simply cannot escape 
it. And while you may think that the noise of the wind itself would drown out the 
whooshing noise of the wind turbine’s blades and any infrasonic effects, that is 
not the case. You can have the situation where a house some distance from a wind 
farm is experiencing calm conditions or it may be upwind but the noise of a nearby 
wind farm can be clearly heard, or in the case of infrasonic noise, felt. 

Now while acoustical consultants may be of the opinion that low-level infra- 
sonic noise is innocuous, doctors and the people immediately affected can attest 
otherwise. People complain of nausea, headaches, dizziness, lack of sleep and so 
on. Now nausea and lack of sleep I can identify with. At night, if you are having 
difficulty sleeping, you tend on focus on low-level sounds which are barely notice- 
able during the day. And if you can physically perceive the noise of wind turbines 
during the daytime, the effects are bound to be worse at night. 

But the worst aspect of this noise is the realisation that it is never going to stop. 
That noise will always be there — for the rest of your life! You are trapped! Nor 
can you make the decision to sell your house and move away. Word gets around 
and values for properties within several kilometres of wind-farms rapidly fall to a 
small fraction of their value before the turbines were installed. 

I can barely imagine the feelings of those people who are badly affected by this 
noise. It is a life sentence where no crime has been committed! I suppose you could 
invest in double-glazing and sound proofing to ameliorate the effects while you 
are inside your home — but why should you be forced into this situation which is 
entirely out of your control? And while sound-proofing might be a solution when 
you are inside your home, it will be no help when you are outdoors. 

It also turns out that wind turbines can produce visible flicker effects that people 
find disturbing. You can imagine that this could well be the case when the sun hits 
the moving blades from some angles. 

What to do? First, any Authority charged with the approval of proposed wind 
farms must take the noise and other effects seriously. There needs to be considera- 
tion of compensation for any property owners within several kilometres of the 
development. 

But those people who are already seriously affected are the ones who are really 
in a bind. Already there a quite a few people in Australia who are blighted. Their 
concerns must be addressed. Not to do so would be unconscionable. 


Leo Simpson 
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National Broadband 
Network deja vu 

With regard to the Publisher’s Let- 
ter in the November 2009 edition, 
concerning the proposed National 
Broadband Network, I despair that 
government fails to either acknowl- 
edge the expectations of those they are 
supposed to represent nor learn from 
past, bitter experience. 

Here we have the advantage of 20-20 
hindsight following the cable roll-out 
in the 1990s, yet government sails on 
heedlessly. The arrogance is simply 
astounding. Government anti-Telstra 
prejudice is more than obvious, yet 
Telstra is more than ably equipped, 
materially and technologically, to de- 
liver a sensible solution. We, the mute 
many, are led by the monumentally 
uninformed few. What are we to do? 
Gary Broughton, 

Renmark, SA. 


Many motorcycles do 
have ignition advance 

I wish to comment with respect 
to your response to A. T. of Mount 
Gambier (Ask SILICON CHIP, December 
2009) that “Most motorcycles do not 
have ignition advance ...”. 

This is incorrect. Many motorcycles 
have at least RPM-related advance and 
many modern injected bikes have load 
and throttle position related advance 
as well. RPM advance is used for the 
same reason that it is used in cars, to 
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compensate for the change in time 
that the piston takes to move a given 
distance with varying RPM and the re- 
lationship of this to the more constant 
time required for the fuel mixture to 
burn and generate maximum cylinder 
pressure after ignition. 

David Boyes, 

Canberra, ACT. 


Accuracy of mains 
frequency-derived time 

Your letter from PC in the December 
2009 issue regarding clocks referenced 
to the mains was of interest to me. Be- 
fore retirement, I worked for National 
Grid in the UK and at one stage in my 
career I was responsible for main- 
taining “frequency time” monitoring 
equipment. 

Although the UK National Grid runs 
at a nominal 50Hz, this varies con- 
tinually in response to normal supply/ 
demand imbalances, so is usually in 
the range 49.7Hz to 50.3Hz, although 
the deviations might be larger than this 
in the event of an emergency trip on a 
large generator or sudden loss ofa large 
load block. The typical result of these 
variations is that the “frequency time” 
can be several seconds slow or fast if 
measured over any 24-hour period. 

To compensate for this, “Target 
Frequency” instructions are periodi- 
cally issued to all power stations on 
the grid, either 50.05Hz to gain time 
or 49.95Hz to lose time. These target 
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frequencies are then used to bias the 
steam turbine governors away from 
their normal 50Hz setting. 

This all sounds straightforward un- 
til you consider the method of tracking 
the mains frequency to determine the 
time error. It is no good tracking the 
frequency at just one location, as this 
becomes a single point of failure — so 
measurements at multiple dispersed 
geographical locations are needed. 
These frequencies are sent via landline 
telemetry back to the UK National 
Control Centre. 

Even this arrangement has pitfalls. 
In the event of a telemetry failure 
from one location, several seconds 
can be lost during the changeover to 
telemetry from an alternative location. 
In addition, under severe fault condi- 
tions such as in the UK hurricane of 
1987, the normally unified grid system 
can be split into two or more “power 
islands”, which are then no longer syn- 
chronised with each other. Such splits 
can last for hours until the grid control 
engineers manage to re-synchronise 
the islands, during which period each 
island will typically have a larger than 
normal loss or gain of frequency time. 

Soif one island gains 30 seconds,and 
its neighbour loses 30 seconds before 
re-synchronisation, how do you recon- 
cile the two? In theory you could run 
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Mailbag: continued 


Gas power station could provide 
desalination energy requirements 

The January 2010 Publisher’s Let- 
ter sets out the facts of our govern- 
ment’s spin doctoring in regard to 
the power supply for desalination 
plants. Sure, the wind generators 
can supply the energy requirement 
(MWh) for the desal plants over a 
year but would make no difference 
to the extra generation (or loss of 
reserve capacity) required to supply 
the desal plant (MW) as that has to 
be available continuously. 

As one of my lecturers from the 
past once remarked “the amount of 
work you can do (read MWh) is al- 
most infinite —it is your rate of work- 
ing (read MW) that is important”. 

If extra generation is required, a 
nuclear reactor might be a bit over 


each island at a different ‘Target Fre- 
quency’ before re-synchronisation to 
equalise the system time errors but in 
practice this would take too long. The 
number one priority in such emergen- 
cies is to get the grid system back into 
one piece as soon as possible. 

The result of these constraints is 
that whilst frequency time is usually 
accurate to within a second or so over 
any 24-hour period, there is no means 
of maintaining long term accuracy. 

From experience, I would estimate 
that the UK National Grid gains or 
loses up to a minute in any 3-year 
period. This is as good as most quartz 
watches and good enough for elec- 
tromechanical street light timers, 
central heating controllers and tariff 
time switches but not suitable as an 
accurate time reference. 

Keith Bryan Cusson, 

Mount Dandenong, Vic. 


DAB+ mobile reception 
requires better receivers 

In the Mailbag pages of the Decem- 
ber 2009 issue, Alan Hughes has point- 
ed out that DAB+ dead spots such as 
Martin Place will be minimised when 
the much hoped for fill-in transmitters 
for capital cities finally materialise. 
Those extra co-channel transmitters 
should certainly help but will it help 
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the odds as the power required is 
only about 150MW and this is easily 
handled by one or more gas-turbine 
generators located somewhere in 
the system. What amuses me is the 
fuss made over, say, 150 MW for the 
desal plant when increases for other 
reasons in the demand on the power 
system don’t seem to matter. 

I would wager that the increase 
in demand due to new housing and 
the ongoing installation of air-con- 
ditioners in existing houses would 
be far greater than the desal plant’s 
requirements. 

Apparently it’s OK to install air- 
conditioners but providing a water 
supply not dependent on rainfall 
is not. 

Alex Brown, 

Ashburton, Vic. 


minimise dropouts for reception in 
moving vehicles? 

It seems to me that because digital 
reception typically incurs a digitisa- 
tion delay of about one second, drop- 
outs are extremely annoying. Compare 
this with analog FM reception at simi- 
lar wavelengths and locations when 
all that you hear is a very brief swish. 

Way back in the early days of DAB 
(and digital TV) in UK, I was originally 
impressed by the talk of multi-path 
reception being catered for. But how, or 
is, mobile reception catered for? I have 
yet to receive any blogs about mobile 
reception as experienced in the UK 
where multiple co-channel transmit- 
ters are presumably employed. 

My own reception trials in the car 
were good apart from the total loss of 
audio for a second or two following 
each dropout. This occurred when 
receiving DAB+ commercial stations 
allegedly operating on full power and 
within 15km line of sight from the 
transmitters on Mt Dandenong. It also 
occurs when walking near to a fixed 
receiver inside my home. 

Perhaps Alan can explain how car 
owners will be catered for in future 
or will the listeners of classical music 
have to be provided for by the retention 
of a couple of FM services in parallel 
with the great extra facilities provided 


Masthead amplifier 
article has errors 
I was disappointed at such a back- 
ward-looking article on the Simple 
Masthead Amplifier in the Novem- 
ber 2009 issue. It is out of touch with 
some aspects of digital TV reception. 
The reason for the 0.68Q resistor 
in the power pack is to prevent the 
transformer from catching fire if the 
output is short circuited. Why didn’t 
the project use a 12V DC plugpack? 
Lots of antennas appear as DC short 
circuits if the amplifier is bypassed. 
The article ignores the fact that all 
Australian analog TV broadcasts will 
cease within four years, starting in 
the first half of next year. Your com- 
ments about the 0-10 network are 
about 40 years old. Channel 0 was 
dropped because of the inability to 
remove ghosted signals, sensitivity 
to interference (particularly from 
trams) and the size of the antennas. 
Whilst channel 0 has been re- 
moved from capital cites, the Darling 
Downs in Queensland and Eastern 
Riverina, NSW, still have high- 
powered channel 0 analog transmit- 
ters. Narooma, Tamworth City and 
Cooma have low-powered analog 
transmitters. 





by the myriads of DAB+ channels? 

Brian Tideman, 

Mulgrave, Vic. 

Alan Hughes comments: The ABC/ 
SBS Melbourne transmitter has only 
been at full power for a short time. The 
Government and commercial DAB+ 
transmitters have a radiated power of 
50kW each whereas ABC FM is 100kW. 
The power of DAB+ has been limited 
to prevent interference to analog TV 
channels 9 & 10. 

All DAB+ transmitters use vertical 
polarisation so it is essential that the 
receiving antenna is vertical. You will 
not have to rotate the antenna as you 
move around. This is not true of FM 
transmissions which are mixed po- 
larisation. You can get DAB+ radios 
with an antenna input. These should 
be connected by coaxial cable to a 
band 3 (TV channels 6-12) Yagi-Uda 
antenna mounted on its side for verti- 
cal polarisation. 

DVB-T is used for TV here and in 
the UK as well as DAB+ and DAB 
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The problem we have now is that 
existing analog antennas for metro- 
politan capitals and a few regional 
areas are still designed for channels 
below channel 6 as well as some 
not being designed for channels 11 
& 12. This was pointed out in the 
reference you gave to my articles in 
March 2008. 

As far as new digital antennas for 
metropolitan areas’ main transmit- 
ters are concerned, they will pick 
up all stations except ABC1 analog 
with a stronger more interference- 
free signal. 

The amplifier module should have 
a PC-mounted “F” socket as these 
connectors are the standard for 
digital TV. The saddle clamp used 
will not fit quad-shielded RG6 cable 
which is recommended for digital 
TV 

The module also needs an input 
bandpass filter. It should pass only 
174-230MHz and 519-820MHz. 
Broadband amplifiers can overload 
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on interference, which then inter- 
modulates the interference onto the 
digital signal, causing unreliable 
reception. 

Alan Hughes, 

Hamersley, WA. 


which are all digital systems. They 

give “perfect” reception, break-up or 

nothing. The DVB-T system assumes 

a stationary antenna, whereas DAB+ 

assumes a moving antenna. As a 

result there is lots of error correction 

performed in a DAB+ receiver to keep 

errors out during noise or reflected and 

delayed signals. po 

As you have noticed, the error cor- _| Countries that have completed the analog switch-off have auctioned off the 700MHz band to 

rection requires around two seconds mobile phone and WiFi companies. The 700MHz band covers Australian channels 52-69. 
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Mailbag: continued 


Detecting a 
dodgy diode 

Working on problem solving a 
circuit recently I tracked the frustrat- 
ing fault to a “dodgy” small signal 
diode. The diode turned out to be a 
normal zener diode! Apart from a 
conventional black cathode stripe, 
this “standard” clear glass zener 
diode had no markings, numbering 
or other differences to distinguish it 
from others in my large collection 
of diodes cannibalised from circuit 
boards over the years — and don’t we 
all have them? I thought it was time 
to test them all. 

Checking the back issues of SILI- 
CON CHIP, I noted John Clarke’s sim- 
ple 9V Battery Tester in the Circuit 
Notebook section of the April 2008 
issue. With some modifications, a 
general-purpose Zener Tester could 
be breadboarded in a flash, using 
a variable-voltage power supply, 
a high-intensity red LED and sub- 
stituting the 1kQ current limiting 


of signal to be stored to allow it to op- 
erate. Hence, when the errors are too 
high the signal is muted for the period 
of the high errors plus two seconds. 
Ifyou listen to the same program on 
FM and DAB+ you will hear the decod- 
ing delay caused by the need to store 
the signal to get enough error correc- 


resistor with a 2.2kQ replacement. 
The zener diode in John’s circuit was 
then replaced by test clips and my 
entire diode collection was tested. I 
was amazed to discover that about 
10% of my diodes were in fact zeners 
of various useful voltages. 

Connecting a digital voltmeter 
across the test clips and cranking 
the supply voltage up to maximum 
— about 45V in my case — enabled 
the zener voltage to be read off in 
a flash. The circuit also picked up 
the occasional shorted diode as 
well (by simple reversal of the leads 
and/or a OV reading), a Vf of 0.7V 
being normal. Maybe it’s time for 
readers to check their collections? 

Colin O’Donnell, 

Adelaide SA. 
Comment: a very effective zener di- 
ode tester for DMMs was published 
in the February 1996 issue. This runs 
from a 9V battery and will test all 
400mW and 1W zeners from 2.2V 
to 100V. 


tion data to perform error correction. 
The decoders are designed to freeze 
the direction information and to fade 
the sound so that you don’t hear the 
terrible noises some DVB-T receivers 
make as they drop below the threshold. 
After the poor reception is over the 
decoder must store the new fresh good 


data. This problem afflicts all digital 
receivers. The only way to stop this 
problem is to ensure that the signal 
does not fall below the threshold. 

DAB+ and DRM+ are designed to 
work with single-frequency networks. 
Commercial Broadcasting Australia 
and the ABC/SBS are yet to install 
any SFNs. As with Digital TV, in Single 
Frequency Networks all transmitters 
have their centre frequency made 
identical through the use of acommon 
GPS reference. The time it takes for the 
program to go from the studio output 
to each transmitter input is measured. 
The programs are then delayed to 
match the longest delay. 

This will mean that when the signal 
strengths are near equal, the signals 
will be virtually time-coincident be- 
cause the location should be central 
between the two transmitters. If it is 
not, then the relative delays can be 
adjusted. 

As far as cars are concerned, you 
need to use a radio designed for cars. 
This is because the RF stage will be 
capable of a wider range of signal 
strength. I have heard very good re- 
ports of the “Pure Highway” which 
has a choice of a stick-on antenna or 
a plug-in magnetic antenna. It also 
receives I'M stereo. 

The real solution to the car prob- 
lem is to get the car manufacturers to 
install car radios designed for digital 
reception. This will mean a perma- 
nent quarter wavelength antenna can 
be mounted on the car. Digital Radio 
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Capacitor Leakage Meter 
should have a warning panel 

The Capacitor Leakage Meter in 
the December 2009 issue is a good 
design, as all your projects usually 
are. But I feel there should have 
been a warning panel in your article 
and on the front panel of the meter 
itself advising the user to carefully 
check that the “Voltage” setting does 
not exceed the voltage rating of the 
capacitor under test. 

Also the polarity should be cor- 
rect. Say, for example, a 25V electro- 
lytic capacitor is connected and the 
tester is set at 100V or the capacitor 
is connected the wrong way around, 
it will most likely explode and pos- 
sibly cause injury to the user. 

Also another issue is that a size- 
able electrolytic capacitor charged 
to 100V can deliver a nasty electric 
shock. 

Geoff Coppa, 

Toormina, NSW. 

Comment: your comment about ca- 
pacitors charged to 100V is certainly 
valid. However, as with all electronic 


Australia has been trying to get the car 
manufacturers to install digital receiv- 
ers in cars. It turns out that it takes 
four years for the car manufacturers 
to include a new feature into a car 
production line. Try driving around 
with the car radio and compare the 
results with a portable radio in the car 
with the telescopic antenna pulled up! 

All new cars in France will be 
required to have DMB/DAB+/DAB 
receivers installed in 2014 and the UK 
will follow a year later. This will mean 
that a better antenna will be used than 
for a portable radio as is used now. 

With the size of Australia there is a 
good case to add DRM30 and DRM+ to 
all digital radios. This will be reviewed 
by the government in 2011. 

Alan Hughes, 

Hammersley, WA. 


Cut-off frequency 
of cascaded filters 

John Yelland (“Active Filter With 
2-Pole Sections” Mailbag, page 9, De- 
cember, 2009) is quite correct; cascad- 
ing two 2-pole high or low-pass filters 
will indeed give a different cut-off 
frequency. 
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equipment, it is really up to the user 
to apply some common sense, as 
for example, in selecting the test 
voltage to suit the capacitor’s rating 
and making sure that an electrolytic 
is connected with correct polarity. 
However, even if a capacitor’s rating 
is severely exceeded by the Tester 
(say a 16V capacitor connected to 
100V), it is highly unlikely to ex- 
plode or cause any injury. The Tester 
has been deliberately designed with 
this factor in mind so that the test 
current is limited to 9.9mA, as stated 
in the text. 

Hence, if you connected a capac- 
ity with reverse polarity, its reverse 
current could not exceed 9.9mA 
and the amount of power dissipated 
within it would be very small. A 
worse case would be where you had 
a low-voltage capacitor connected 
to the 100V test. Again, the internal 
power dissipation in the capacitor 
is unlikely to be more than a few 
watts and while it might get warm 
and might even swell up a bit, it 
won't explode. 


The reason is quite simple: the cut- 
off frequency of a filter is defined as 
that frequency where the response is 
3dB down. 

At this frequency, with a 3dB drop 
in each filter stage, the signal with 
two stages will be 6dB down. This 
frequency does not meet the definition 
of “cut-off frequency” of the compos- 
ite filter. So by definition, the cut-off 
of the cascaded filters will be at the 
frequency where the total drop is 3dB, 
that is 1.5dB in each section. 

For low-pass filters, this will be at 
a considerably lower frequency than 
the cut-off of each stage considered 
separately; for high-pass filters, it will 
be at a higher frequency. It is possible 
to build active high and low-pass fil- 
ters with up to seven poles ina single 
stage, although they do tend to be very 
“touchy”. 

I have, however, seen mass-pro- 
duced communications equipment 
that used 5-pole filters in a single stage, 
which required only one of the resis- 
tive elements to be varied for stability. 

Greg Mayman, 

Dover Gardens, SA. 

Comment: the reply to John Yelland 
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Mailbag: continued 


Deadly transformers Ree 
on eBay 

I want to draw readers’ 
attention to a potentially 
fatal “stepdown” trans- 
former being sold in 
Australia that is actually 
an unearthed autotrans- 
former. You can see from 
the accompanying photos 
that the primary leads are 
blue and the secondaries 
are green. This results in 
a lot of possibilities for 
mis-wiring. 

In this case, the incoming Active 
has been wired to what should have 
been the Neutral side of the primary. 
Hence, the fuse in the secondary side 
is not in the output Active. Note 
that the unit had a 3-pin plug but 
the earth lead is clipped off and has 
never been connected. Note also that 
it has no approval makings, despite 
being sold in Australia (on eBay) by 
a Victoria-based business. 

In our scenario, the transformer 
was fitted to a piece of equipment 
from the USA where it is common 
for the Neutral to be tied to chassis in 
the device—so when the transformer 
was wired up with what was sup- 
posed to be the (fused) Active lead 
connected to the machine Active 
and the Neutral to machine Neutral 
(and therefore chassis) we ended up 
with a live chassis! 

The equipment had been in use for 


was specifically concerning the Multi- 
Function Active Filter rather than a 
general answer concerning cascading 
of filters. 

With regard to cascading two filters, 
the Multi-Function Active Filter circuit 
is specifically using two identical 
2-pole Butterworth filters where the 
-3dB point of each filter on its own 
is the rolloff. For its application as a 
crossover filter, cascading two 2-pole 
Butterworth filters gives what is called 
the Butterworth squared response or 
L-R (Linkwitz Riley) response. The 
-6dB point becomes the crossover 
frequency rather than the -3dB point. 

So for general filters, cascading does 








De 
rest dir 3 ie} 
STEP-UP* DOWN 
TRANSFORMER. 

TC-300 
240V--—-110V AC 
S50Mz-60Hz 
MAX:300 WATTS 


a few years with a proper isolating 
transformer and hence was fine. We 
contacted the seller but they didn’t 
seem to understand what we were 
trying to explain! 

Tim Stockman, 

Burra, SA. 


affect the cut-off frequency because 
the rolloff is steeper. The inquiry made 
by John Yelland was specifically con- 
cerned with the active filter that used 
the two cascaded Butterworth filters. 
He was pointing out that the cascading 
will affect the crossover frequency. But 
in the case of the active filter using the 
two Butterworth filters cascaded as 
an L-R filter, the crossover frequency 
is not affected even though the rolloff 
is at -6dB. 

Reader Peter Kay has also com- 
mented that there is confusion when 
talking about cut-off frequency when 
it should more correctly mean “cross- 
over” frequency. These frequencies are 
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related but completely different. The 
cut-off frequency of a filter is always 
the -3dB point which is the half power 
frequency. The crossover frequency 
of a speaker network filter has to be 
chosen to give the flattest sum of the 
LP and HP filter sections. For two 
cascaded identical 2-pole Butterworth 
filters, the crossover frequency hap- 
pens to be the cut-off frequency of a 
single 2-pole Butterworth filter. 


Cheap torches 

I cannot resist bargain shops and 
have bought numerous torches from 
them. The best value were 9-LED 
pocket-size ones costing $2, includ- 
ing three AAA cells. Then a bulkier 
rechargeable one appeared at $8. This 
had three very bright LEDs, a genuine 
lithium-ion 3.6V 40mAh battery and 
a wind-up AC generator with a full- 
wave rectifier which really recharged 
the battery. 

Then came the “squeeze to re- 
charge” model criticised in letters in 
your December 2009 and January 2010 
issues. I bought the 3-LED model for 
$3.00 and a later version with two 
much brighter LEDs for $3.50. I used 
these for many months as convenient 
pocket torches. 

When! dropped one onto concrete it 
broke open and I was surprised to find 
that the well-made generator and drive 
was not (as others have found) recharg- 
ing at all. The generator produced a 
triangular wave of 5-6V_ peak-peak 
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Wind power variations 
are a big challenge 

I wish to thank Paul Miskelly for 
his letter on the contribution of wind 
farms, particularly in referring to 
the availability of electrical power 
production and demand data on 
the web. 

I was puzzled by Paul’s statement 
that the sum of wind production is 
more “noisy” than a single farm. 
I could not see how that could be 
true, so I downloaded some recent 
data, selecting Capital, Lake Bonney 
2 and Waubra wind farms for their 
geographical diversity. I found that 
the standard deviation of output 
for individual wind farms is about 
110% of the mean output, where for 
the combined farms the figure was 
80% of the mean. Still, that is an 
unacceptably high figure. 

Playing more with this data, I 
found that if demand (from the 
Public Historical Demand files) was 
scaled to equal wind farm output in 
the long term, wind provided suf- 
ficient power for 40% of half-hour 
periods and not enough for 60% of 
half-hour periods. 

Another statistic I gathered from 


which should have been capable of 
doing so if rectified and if the switch 
had been wired differently. 

However, I did not feel cheated. 
These were probably factory rejects at 








RIGOL DS-1052E 50MHz 


RIGOL DS-1102E 100MHz 


the AEMO web data is that there 
are 1611MW of wind farms listed, 
186MW of hydro and 70MW of ba- 
gasse capacity. Rating wind at 35% 
and hydro and bagasse at 100% of 
availability (because they can be run 
on demand, even if the resource isn’t 
enough to be run all year) shows 
that installed capacity is 69% wind, 
23% hydro and 8% bagasse — there’s 
not enough installed hydro capac- 
ity to provide load levelling for the 
currently installed wind capacity. I 
don’t know if the Snowy Mountain 
Scheme is included in the total for 
hydro stations. 

Paul’s conclusion from this data 
is that wind has no significant place 
in power generation. Wouldn’t it 
be more accurate to say that wind 
presents considerable challenges in 
being able to capture peak produc- 
tion? If we had cost-effective ways of 
doing that (such as water pumping 
or hydrogen production) then those 
solutions would contribute sig- 
nificantly to our total power budget, 
which includes our vehicle fleet as 
much as grid electrical demand. 

Kevin Shackleton, 

Dandaragan, WA. 


a ridiculously low price, costing less 
than the three button cells which gave 
them a useful service life. 

Robin Stokes, 

Armidale, NSW. Sc 
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OO GAH AON OMe 
n-Board Diagnesties 


You may not know it but your late-model car has an astonishing 
array of sensors to make sure that its engine and electronic 
systems all run at peak efficiency, while keeping emissions to a 
minimum. This increasing use of electronics in vehicles has also 
lead to improvements in the way a vehicle can be maintained. 
With On Board Diagnostics (OBD), the performance of critical 
engine components can be easily monitored. 


LL NEW CARS sold in Australia 

from 2006 onwards are required 
to comply with the Australian Design 
Rules (ADR) to include On-Board Diag- 
nostics. This is called OBDII and the 
“TI” indicates that this is the second 
generation OBD standard. 

OBD is not new and has been around 
for more than 20 years. The first OBD 
standard adopted in California (USA) 
was introduced primarily to monitor 
the condition of vehicle emission 
sensors. 

Early OBD systems included a Mal- 
function Indicator Light (MIL). This 
used a rudimentary blinking light sys- 
tem where the number of blinks could 
be counted. This blink count could be 
cross-referenced against a list to find 
the problem indicated. Over the years, 
there have been many refinements and 
improvements. 

The latest OBDII standard is far 
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By OHNECEARKE 


more complex and includes a data 
link connector for connection of an 
OBDII scan tool which can be a dedi- 
cated hand-held unit. Alternatively, 
it may connect to a laptop computer 
via a cable that includes some form of 
signal processing and which is used 
in conjunction with special software. 
Either approach can be used to retrieve 
information from the vehicle. 

On-board diagnostics are possible 
due to the computer systems in mod- 
ern cars. Most readers would know 
about the car’s ECU (Engine Control 
Unit) which is dedicated to controlling 
such components as fuel injectors, the 
exhaust gas recirculation (EGR) valves 
and the ignition timing. Computerised 
engine control is vital to ensure opti- 
mum fuel efficiency. 

The ECU is not the only computer 
system within a vehicle. There are 
others that control the anti-lock brak- 





ing system, stability control, cruise 
control, air-bag activation, climate 
control, central locking and even 
the sound system. Many of these 
computers communicate with each 
other, swapping data as required. 
With OBDII, communication is also 
available via the scan tool to provide 
vital information about the health of 
vehicle components. 

A diagram showing the input sen- 
sors connecting to the ECU and con- 
trolling the injectors and ignition is 
shown in Fig.1. The OBDII scan tool 
shows a sample of the diagnostics in- 
formation available when attached to 
the OBDII data link connector. 

Modern engines are exceedingly 
complex, making it difficult to diag- 
nose problems if anything goes wrong. 
There is an incredible array of sensors 
or monitors, including those for cam- 
shaft position, turbo bypass valving, 
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Fig.1: the engine management unit (ECU) 
accepts inputs from a range of sensors and 
controls the ignition timing, fuel injectors and 
EGR valve. The OBDII scan tool plugs into 
the ECU and displays a range of diagnostic 


information to aid troubleshooting. 


intake and outlet valves, fuel and 
oil pressure, injector operation, fuel 
pump operation, turbo boost, ignition 
misfire, ignition timing, cooling fan 
operation, air-conditioning refriger- 
ant, battery charging, transmission, 
speed, RPM and automatic transmis- 
sion functions. 

When there is a problem, the ECU 
can easily detect this because the 
engine sensor results will not be as 
expected. This is where on-board 
diagnostics becomes invaluable in 
making available the information from 
the ECU. Major problems are indicated 
with the Malfunction Indicator Lamp 
(MIL) or in severe cases, the lamp 
will flash. 

As mentioned, the scan tool plugs 
into the ECU’s Data Link Connector 
(DLC) which is located inside the 
vehicle. This connector is usually on 
the driver’s side of the car under the 
dashboard, behind the ashtray, near 
the steering column or in the central 
gear-stick console area. A workshop 
manual will show where the connector 
is located if it is not easily found. For 
the scan tool to work, the vehicle must 
be OBDII-compliant and use speci- 
fied communications protocols — see 
the section headed “OBDII Data Link 
Connector” for more detail. 


Diagnostic trouble codes 


The scan tool shows the details of 
any malfunctions. These are shown as 
Diagnostic Trouble Codes (DTCs) and 
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are a code that can be cross-referenced 
against a table that describes it. Better 
scan tools will show both the DTC 
value and its definition. 

DTCs are not all that can be shown 
by the scan tool. OBDII specifications 
include up to 10 modes of operation. 
However, not all scan tools provide for 
all of these and not all vehicles provide 
for all modes. 

Apart from the Diagnostic Trouble 
Codes, the other modes listed in the 
OBDII standard include showing 
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pending DTCs, clearing DTCs, show- 
ing a list of DTCs cleared previously, 
showing current (real-time) data, 
showing freeze frame data (data cap- 
tured at the time of a DTC), test results 
for emissions components, control 
operation of on-board components and 
vehicle information. Manufacturers 
may also include additional modes. 
Not all DTCs are necessarily sup- 
ported or required by a particular 
vehicle model. Also some codes are 
manufacturer-specific rather than 





The OBD indicator light (or engine light) appears on the dashboard display of a 
modern car when the ignition is first turned on. If everything is OK, it goes out a 
few seconds after the engine is started. 
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A Leek A¢ Engine Control Systems 


The Engine Control Unit (ECU), 
as the name implies, controls the 
engine and it does this to provide 
optimum performance under all 
conditions. Its job is to also ensure 
that the exhaust emissions are as low 
as possible and in order for this to 
happen the ECU monitors various 
sensors. The ECU has control over 
fuel delivery, ignition timing and 
exhaust gas recirculation to meet 
these requirements. 

Fuel is delivered to the engine us- 
ing injectors that open for a certain 
period to meter the quantity. The 
ECU calculates the amount of fuel 
to deliver to the engine, based on 
various sensors. These include the 
volume of the air intake using a Mass 
Air Flow (MAF) meter or indirectly 
via a Manifold Absolute Pressure 
(MAP) sensor, the air temperature 
and RPM data. 

Other sensors include fuel pres- 
sure and air temperature sensors, 
oxygen sensors to measure oxygen 
levels in the exhaust system, a tach- 
ometer sensor for engine RPM, a 
throttle position sensor (TPS) and 
coolant and oil temperature sensors. 

For ignition timing calculations, 
the ECU monitors engine position, 
engine RPM, engine load and engine 
temperature. It also checks for en- 
gine knocking using a knock sensor. 


generic. Vehicle manufacturers may 
use manufacturer-specific DTC codes 
and imported vehicles may also use 
DTC codes different from generic DTC 
codes. We recommend that you do 
not fully rely on the DTC, especially 
for pre-2006 vehicles unless you can 





Fig.2: the OBD indicator symbol looks 
like a car engine. It illuminates if 
there is an engine malfunction. 
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Exhaust Gas Recirculation (EGR) 
valve control is based on engine 
temperature, engine load and the 
required emissions. It is a system 
that recycles some of the exhaust gas 
back into the engine inlet in order 
to reduce nitrous oxide emissions. 

The engine can be run in closed- 
loop or open-loop mode. In open- 
loop operation, the ECU uses a pre- 
defined table of values for. ignition 
timing and injector duty cycle versus 
engine RPM, air intake mass and 
engine temperature. When running 
open-loop, the fuel mixture will gen- 
erally be rich, with the engine using 
more fuel than can be fully burnt in 
the combustion process. 

Open-loop operation generally 
only occurs when the engine is un- 
der heavy load, such as when the 
vehicle is accelerating. 

Under normal cruise and light 
throttle conditions, the engine 
normally runs in closed-loop mode 
whereby the fuel delivery is adjusted 
so as to maintain required air/fuel 
mixtures. 

In general, air/fuel ratios are main- 
tained at “stoichiometric” where 
there is just sufficient oxygen for the 
fuel to be completely burnt. 

Under stoichiometric conditions, 
the catalytic converter can work best 
at converting combustion by-prod- 


confirm that the generic DTC codes 
apply to your vehicle. 


DTC categories 

DTGs are divided into four catego- 
ries: “P” codes for the power train, 
“B” codes for body, “C” for chassis 
and “U” for network. P codes are the 
most common and include engine 
sensor malfunctions. These are further 
categorised into eight sub-sections: 
(1) PO010-PO099: Fuel and Air Meter- 
ing and Auxiliary Emission Controls. 
(2) PO100-P0199: Fuel and Air Meter- 
ing. 
(3) PO200-P0299: Fuel and Air Meter- 
ing (Injector Circuit). 
(4) P0300-P0399: Ignition System or 
Misfire. 
(5) P0400-P0499: Auxiliary Emissions 
Controls 





ucts to less harmful compounds. 
Carbon monoxide (CO) is converted 
to carbon dioxide (CO,), unburnt hy- 
drocarbons to carbon dioxide (CO) 
and water (H»0), and nitrous oxide 
(NO) to nitrogen (Nz). Many cars also 
include a diagnostic oxygen sensor 
that is mounted after the catalytic 
converter to check efficiency. 

Another benefit of the oxygen 
sensor is that the ECU can learn to 
predict the amount of fuel to pro- 
vide under differing conditions. So 
the ECU compares the predefined 
table of values for injector duty 
cycle against the actual duty cycle 
required to satisfy the required mix- 
ture, as gauged by the oxygen sensor 
signal. The ECU then sets up a table 
of trim values based on this feedback 
from the oxygen sensor. 

It can take some time for the ECU 
to learn the values and provide a full 
map of trim values. For this, it will 
require the engine to be run undera 
variety of conditions. These trim val- 
ues are called “long-term fuel trim”. 

The ECU provides these trim 
values to allow the engine to run 
more efficiently. While driving, the 
engine RPM and load can change 
rather quickly and the oxygen sen- 
sor is not fast enough to respond 
to these changes. As a result, the 
mixture feedback to the ECU is not 


(6) PO500-P0599: Vehicle Speed Con- 
trols and Idle Control System. 

(7) PO600-P0699: Computer Output 
Circuit. 

(8) PO700-P0899: Transmission. 

The full list of power train DTCs 
is far too long to feature here. You 
can find it at www.obd-codes.com/ 
trouble_codes/ 

Body codes include those for seat 
belts, lamps, solenoids, motors, ECU 
failure, climate control, air bags, cen- 
tral locking, doors, external mirrors 
etc. The list is at: www.obd-codes. 
com/trouble_codes/obd-ii-b-body- 
codes.php 

Chassis codes include those for 
anti-skid braking (ABS) and traction 
control. For the full list see: www. 
obd-codes.com/trouble_codes/obd-ii- 
c-chassis-codes.php 
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fast enough for rapidly changing 
conditions. 

However, using trim values based 
on past driving will have the engine 
run at close to the desired mixtures 
without waiting for the oxygen sen- 
sor response. When the oxygen sen- 
sor does respond, the ECU uses this 
information to make a short-term 
fuel trim adjustment to the current 
injector duty cycle. Ultimately, these 
short term trims are used to make up 
the long term fuel trim map. 

For more detail on fuel trim, refer 
to http://www.autoshop101.com/ 
forms/h44.pdf 

As mentioned above, in order to 
understand some of the data avail- 
able from a scan tool, it is important 
to understand how the engine works. 
An understanding of car electronics 
is also required. 

The following links to teaching 
manuals will help. The USA branch 
of Toyota supplies them but most 
of the information is general and 
applies to any vehicle. 

The links are grouped into sepa- 
rate sections and a very good cov- 
erage is made of knock, oxygen, 
speed, pressure, MAF, position and 
temperature sensors in the sensors 
section. 

To access these, use the link 
http://www.autoshop101.com/forms/ 
hX.pdf but replace the “X” with one 
of the “h numbers” listed for each 
category. So, for example, replace 


Network codes are associated with 
communication between separate 
control modules within the vehicle or 
between the scan tool and the OBDII 
connection. For the list of these see: 
www.obd-codes.com/trouble_codes/ 
obd-ii-u-network-codes.php 

Many very basic scan tools will 
show trouble codes purely as the 
DTC value. For example, the display 
may show a DTC as P0130. This value 
would then have to be looked up to 
reveal the code definition. However, 
it is far easier to use a scan tool that 
also includes the DTC definition. So, 
for example, a scan tool that shows 
“P0130 Oxygen Sensor Circuit Mal- 
function (Bank 1 Sensor 1)” is easier 
to use than one that just shows the 
DTC value. 

A scan tool should also provide the 
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ab lem eae StaOfmiovotancalmleachiing—lVanuals 


H1-H8: Basic Electronics 

http://www. autoshop101.com/forms/h1 .pdf 
http://www. autoshop101.com/forms/h2.pdf 
http://www. autoshop101.com/forms/h3.pdf 
http://www. autoshop101.com/forms/h4. pdf 
http://www. autoshop101.com/forms/h5. pdf 
http://www. autoshop101.com/forms/h6. pdf 
http://www. autoshop101.com/forms/h7.pdf 
http://www. autoshop101.com/forms/h8.pdf 


H12-H18: Advanced Electronics 

http://www. autoshop101.com/forms/h12. pdf 
http://www. autoshop101.com/forms/h13.pdf 
http://www. autoshop101.com/forms/h14. pdf 
http://www. autoshop101.com/forms/h15. pdf 
http://www. autoshop101.com/forms/h16.pdf 
http://www. autoshop101.com/forms/h17.pdf 
http://www. autoshop101.com/forms/h18.pdf 


H20-H27: Electronic Fuel 


Injection 

http://www. autoshop101.com/forms/h20.pdf 
http://www. autoshop101.com/forms/h21.pdf 
http://www. autoshop101.com/forms/h22. pdf 
http://www. autoshop101.com/forms/h23. pdf 
http://www. autoshop101.com/forms/h24. pdf 
http://www. autoshop101.com/forms/h25.pdf 


X with a number from 1-8 for one 
of the eight Basic Electronics manu- 
als. For the first manual, the link 
is http://www.autoshop101.com/ 
forms/h1.pdf and so on: 

h1-h8: Basic Electronics 

h12-h18: Advanced Electronics 


means to clear the DTC. Clearing the 
code removes the trouble code from 
the ECU and switches off the MIL. 

Another way to remove DTCs is to 
disconnect the vehicle battery for a few 
seconds, to clear the ECU memory. But 
ifa trouble code is cleared in this way, 
the car’s audio systems will require its 
security code to be re-entered and the 
radio station presets reprogrammed. 
The ECU may also lose its fuel trim 
values (see section headed Engine 
Control Systems). 

Note that a trouble code will reap- 
pear if the fault that caused the DTC 
has not been fixed. 

Scan tools can usually show pend- 
ing emission-related DTC codes. These 
are problems that the ECU has detected 
recently during the current or last 
completed driving cycle. They may 


http://www. autoshop101.com/forms/h26. pdf 
http://www. autoshop101.com/forms/h27. pdf 


H31-H38: Sensors 

http://www. autoshop101.com/forms/h31.pdf 
http://www. autoshop101.com/forms/h32.pdf 
http://www. autoshop101.com/forms/h33. pdf 
http://www. autoshop101.com/forms/h34. pdf 
http://www.autoshop101.com/forms/h35.pdf 
http://www. autoshop101.com/forms/h36.pdf 
http://www. autoshop101.com/forms/h37.pdf 
http://www. autoshop101.com/forms/h38. pdf 


H39-H41: Ignition 

http://www. autoshop101.com/forms/h39. pdf 
http://www. autoshop101.com/forms/h40.pdf 
http://www. autoshop101.com/forms/h41.pdf 


H42-H44: Fuel 

http://www. autoshop101.com/forms/h42.pdf 
http://www. autoshop101.com/forms/h43.pdf 
http://www. autoshop101.com/forms/h44. pdf 


H46-H48: OBD 

http://www. autoshop101.com/forms/h46.pdf 
http://www. autoshop101.com/forms/h47. pdf 
http://www. autoshop101.com/forms/h48. pdf 





h20-h27: Electronic Fuel Injection 
h31-h38: Sensors 
h39-h41: Ignition 
h42-h44: Fuel 
h46-h48: OBD 

Table 1 above shows the full list 
of the teaching documents available. 


be cleared it the ECU finds that the 
problem has not recurred or a pending 
DTC may be transferred to become a 
DTC. Pending DTCs are useful as an 
indicator for revealing if a trouble code 
is likely to reappear, indicating that a 
fault has not been fixed. 


Parameter data 


Apart from DTCs, being able to ac- 
cess parameter data is a vital aspect 
for locating problems. If your scan tool 
does not provide for this diagnostic 
data then you are limited in how faults 
can be diagnosed. Diagnostic data in- 
cludes real-time data, freeze frame data 
and emissions tests. Diagnostic data is 
addressed as a Parameter IDentifica- 
tion (PID) value. The PID listing can 
be found at http://en.wikipedia.org/ 
wiki/OBD-II_PIDs 
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The OBDII Da¢a Link Gonneecor 


The OBDII| Data Link Connector is 
shown at right. It has 16 pin locations for 
contacts but only a few of these will be 
used, depending on the communication 
protocol standard used by the vehicle to 
send data to the OBDII scan tool. 

At present, there are five protocol stand- 
ards. Since 2008, all new US vehicles are 
required to use only the Controller Area 
Network (CAN) protocol for OBDII com- 
munication and this standard is eventually 
likely to be adopted worldwide. 

In Australia, any one of these five pro- 
tocols may be used: 

(1) CAN (Controller Area Network). 

(2) ISO (International Organisation for 
Standardisation) 9141-2. 

(3) ISO 14230 KWP2000 (Keyword Pro- 
tocol). 

(4) SAE (Society of Automotive Engineers) 
J1850 PWM (Pulse Width Modulation). 


Some of the values that can be dis- 
played in real time include airflow rate 
from a Mass Air Flow (MAF) sensor, 
absolute throttle position, calculated 
engine load, coolant temperature, 
RPM, fuel pressure, ignition timing, 
inlet manifold pressure, fuel trims, 
oxygen sensor voltages, vehicle speed, 
ambient air temperature and air/ 
fuel ratio. The data is continuously 
updated so any output changes from 
each sensor can be viewed. 

For some scan tools, you would have 
to enter the PID value and then wait for 
the response from the ECU to show the 
requested data. This can be in hexa- 
decimal format and in a raw form that 
requires a formula to calculate a result. 
Some scan tools do this work for you 
and show all available data from the 
ECU and include the PID definitions. 
The data is also calculated to show the 
value with units such as Volts, %, °C 
etc, making the tool far easier to use. 


The 






(5) SAEJ1850 VPW (Variable Pulse Width). 

While CAN is becoming the preferred 
protocol from 2008, typically the ISO 
protocol is used by European and Asian 
cars and some Dodge, Chrysler, Jeep, 
Ford and General Motors vehicles. VPW 
is also used for General Motors, Dodge, 
Chrysler, Jeep, Toyota and Isuzu vehicles. 
Ford uses PWM. 

More details on these protocols is 
available at: http://en.wikipedia.org/wiki/ 
On-board_diagnostics 

Fortunately, what protocol a vehicle 
uses is not important because most hand- 
held scan tools will automatically work with 
any of them. 

For OBDII compatibility, your vehicle 
needs to have one of the following pin sets: 
(1) CAN protocol—uses pins 5, 6, 14 & 16. 
(2) ISO and KWP protocol — uses pins 5, 
7, 15 (optional) & 16. 


Freeze frame data is the informa- 
tion captured by the ECU concerning 
the Diagnostic Trouble Code (DTC). 
The information shows what data the 
sensors were providing at the time the 
DTC occurred. 


Emissions testing 

Another worthwhile feature of the 
OBDII standard is emissions testing or 
what is called “Inspection and Main- 
tenance (I/M) Readiness”. These tests 
will reveal if the vehicle meets the 
emissions standards required when 
the vehicle was manufactured. The 
tests include monitoring of engine 
misfiring, fuel systems and compre- 
hensive components (such as evapora- 
tive emission controls). These tests are 
made continuously. 

In addition, non-continuous I/M 
readiness emissions monitoring are 
made for the Exhaust Gas Recircula- 
tion (EGR) system, oxygen sensors, 
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OBDII DATA LINK CONNECTOR PIN DEFINITIONS 





Manufacturer's discretion 

Bus(+) SAE J1850 PWM & DAE 1859 VPW 
Manufacturer's discretion 

Chassis Ground 

Signal Ground 

CAN high ISO 15765-4 & SAE J2284 
7 K line of ISO 9141-2 & ISO 142304 
Manufacturer's discretion 
Manufacturer's discretion 

Bus(-) SAE J1850 PWM on 
Manufacturer's discretion 
Manufacturer's discretion 
Manufacturer's discretion 

CAN low SAE J2284 & ISO 15765-4 
Lline of ISO 9141-2 & ISO 142304 
Battery positive 








(3) VWP protocol — uses pins 2, 5 & 16. 
(4) PWM protocol — uses pins 2, 5, 10 
& 16. 


catalytic converter, oxygen sensor 
heater, secondary air, heated catalyst 
and the air-conditioning system. These 
monitors are tested during specific 
drive cycles where the full extent of 
the sensors’ operation can be checked. 
Testing of these will indicate a “Not 
Ready” status if testing is not yet 
complete. 

On-board monitoring of sensors is 
also available. These provide a mini- 
mum value, a maximum value and a 
current value for each non-continuous 
monitor. 

Oxygen sensors, for example, are 
characterised by Rich-to-Lean O» sen- 
sor threshold voltage, Lean-to-Rich O4 
sensor threshold voltage, Low sensor 
voltage threshold for switch time 
measurement, High sensor voltage 
threshold for switch time measure- 
ment, Rich-to-Lean switch time in 
ms, Lean-to-Rich switch time in ms, 
Minimum voltage for test, Maximum 
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voltage for test, and Time between 
voltage transitions in milliseconds. 


Multiple oxygen sensors 

OBDII-compliant vehicles will have 
at least two oxygen sensors. There will 
be one to monitor the air/fuel mixture 
at the exhaust manifold (the control 
sensor) and another to monitor gasses 
following the catalytic converter (the 
diagnostic sensor). The latter allows 
catalytic converter’s performance to 
be checked. 

Some engines will have more oxy- 
gen sensors, depending on how the 
exhaust manifolds are arranged. V6 
and V8 engines will have separate 
control oxygen sensors for each side 
of the engine. Whether such an engine 
then has one or two diagnostic sensors 
depends on whether the exhaust is fed 
into one catalytic converter or two. 

Oxygen sensors are listed according 
to their number and bank. Sensor 1 
is associated with the cylinder 1 side 
of the engine, while Sensor 2 would 
also be used in a V6 or V8 engine (ie, 
another sensor in the second exhaust 
manifold). Bank number refers to the 
sensor usage. Bank 1 is the control 
sensor that measures air/fuel ratio at 
the exhaust manifold. A bank 2 sen- 
sor would be a diagnostic sensor that 
mounts after the catalytic converter. 

Vehicle information can also be dis- 
played using a scan tool. This shows 
Vehicle Identification Numbers (VIN), 
Calibration Identification Number 
(CIN) and Calibration Verification 
Numbers (CVN). 


Using a scan tool 

One point that needs to be made 
regarding scan tools is that the OBDII 
features available for that vehicle will 
limit what can be done with a scan 
tool. So a scan tool may be capable of 
showing freeze frame data but it will 
not be able to display it if the vehicle 
does not provide the feature. 

While OBDII information appears 
to be complicated, when it comes to 
actually using a scan tool it is quite 
easy, especially with a good scan tool. 
Basically, you just plug in the lead to 
the OBDII data link connector located 
in the vehicle, switch on the ignition 
and wait for the scan tool to commu- 
nicate with the ECU. You then select 
the functions you want to use, such 
as viewing DTCs, clearing DTCs and 
viewing data. 

The handbook supplied with the 
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Walkin Ga Oui OWiNBSGalialooll 


There is a lot of information available about building your own OBDII scan tool using 
the ELM series of integrated circuits (ICs) to decode the OBDII protocol into a form 
suitable for a laptop computer. Although this is not an exhaustive list, here are some 
websites that may be of use in finding the data and applications for the ELM ICs and 
for software to run with them on the computer. 


(1) The ELM series of ICs has data at http:/Awww.elmelectronics.com/obdic.html 


(2) For software, see http:/Awww. obd2crazy.com/software.html, while commercial 
software is at http://Awww.obd-ii.de/screensm2.html 

An OBDII project is available at: http://courses.cit.cornell.edu/ee476/FinalProjects/ 
$2009/ama64_maa66/ama64_maa66/index.html 


(3) ALDL (Assembly Line Diagnostic Link) Interface: for Holden VR, VS and VT Com- 
modores that use the ALDL interface see http://www.techedge.com.au/vehicle/ 
ald18192/8192hw.htm For VN, VP and JE Camira see http://Awww.techedge.com.au/ 
vehicle/ald|160/vn_aldl.htm 


Note: a build-it-yourself OBDII scan tool interpreter using one of the ELM ICs is 
featured in this issue of SILICON CHIP. 





ISAO SOF alia em Une Vivealg 


Vehicles built in Australia before January 2006 do not usually have functioning 
OBDII. The Holden VR, VS & VT Commodores used a different system to OBD called 
Assembly Line Diagnostic Link (ALDL) standard. Details about this can be found in 
the “Making Your Own Scan Tool” panel — see above. 


AU and BA Falcons and VY & VX Commodores had the OBDI! connector and some 
OBDII functions. The BA Falcon and VY Commodore did not include DTCs but included 
live engine data. 

The BF Falcon and the VZ Commodore do have full OBDII compliance. The FG Falcon 
and VE Commodore have a huge range of data available. Also, the locally built Toyota 
Avalon included OBDII compliance. 


Imported vehicles sold before January 2006 cars may have OBDII. US-built cars 
such as Chrysler, built from around 1996 onwards, do have OBDII compliance. Euro- 
pean cars from about 2000 will also have OBDII while Subarus had OBDII from 2002. 

Other pre-2006 vehicles may have an OBDII-style connector or an alternative OBD 
connector. These tend to operate using a proprietary OBD system that is specific to either 
the vehicle’s manufacturer or to the model. Scan tools are generally available for use 
with these vehicles either from the manufacturer or a scan tool supplier. For example 
scan tools are available for 1990 and onward VW and Audi at www.theobd2shop.com. 
au. These are called VAG (or Volkswagon AG) readers. 

An extensive (but not exhaustive) check-list of pre-2006 OBDI| compatible vehicles in 
Australia is available at www.scangauge.com.au/support/CompatibleVehicles.shtml 





scan tool will show how it is used. 

If you want to gain some experience 
with a scan tool, you could force a 
trouble code by unplugging a sensor’s 
connecting lead while the ignition is 
off. An easy sensor to locate is the 
Mass Air Flow (MAF) sensor, located 
between the air filter and the inlet 
manifold. A MAF sensor is used on 
many cars although others may have 
a Manifold Absolute Pressure (MAP) 
sensor instead. 

With the MAF sensor disconnected 
and after starting the engine, an almost 


immediate pending DTC should ap- 
pear and will be shown when pending 
codes are accessed on the scan tool. 
A look at real-time data for the MAF 
sensor will show a zero reading. If you 
now switch off the engine and restart, 
the Malfunction Indicator Lamp will 
probably light and a DTC may be set. 

Finally, switch off the engine, reat- 
tach the MAF sensor and start the 
engine again. The DTC may automati- 
cally clear or you may need to clear it 
with the scan tool. A look at the MAF 
live data should now show readings 
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rhe Aucel HaxSean GS500 Sean Tool 


. TAKE a look here at the Autel MaxS- 
can GS500. This is a hand-held unit that 
weighs in at 300g and measures 95 x 180 
x 35mm. A 54 x 35mm backlit LCD shows 
the information, while four pushbuttons 
provide the numerous functions. 

On the top of the unit is a DB15F con- 
nector which is connected to the OBDII 
connector on the vehicle via a 1.4m OBDII 
to serial cable. A separate serial-to-USB 
cable is provided for upgrading the inter- 


This view shows the OBDII connect- 
or fitted to a 2005 Honda Accord. 
It’s mounted under the dashboard, 
near the driver’s side kick panel. 
The same type of connector is fitted 
to other late-model cars. 


above zero that will rise in g/s (grams 
per second of air mass) as more throt- 
tle is applied. 

In order to get the best from your 
scan tool, a comprehensive under- 
standing of how a modern vehicle 
engine operates is required. Included 
here is some engine control informa- 
tion located in the panel headed “A 
Look At Engine Control Systems”. 
We have also provided some useful 
tips on fault diagnosis in the follow- 
ing section. 


Diagnosis using a scan tool 

An OBDII scan tool should only be 
used as an aid to assist in diagnosis of 
a fault condition. When a Diagnostic 
Trouble Code (DTC) is found, it only 
indicates where the ECU has found a 
problem but not the cause. In other 
words, the ECU indicates the effect 
of the problem rather than where the 
problem may be. 

As an example, a fault code for a 
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nal DTC definitions library via a computer 
connected to the internet. 

A padded black Nylon carry-case is 
also supplied to protect the OBDII scan- 
ner, its operating manual and the leads. A 
CD is also included, providing a library of 
over 8000 DTC definitions. The CD also 
includes a USB driver and a manual for 
the GS500, as well as manuals for other 
Autel scanners. 

The GS500 works with all OBDII- 
compliant vehicles and supports CAN and 
all other OBDII communication protocols 
suchas ISO 9141-2, ISO 14230 KWP2000, 
SAE J1850 PWM and SAE J1850 VPW. 

Power comes via the OBDII connector. 
There are no internal batteries and it will 
not power up without connection to the 
OBDII port or the USB port. This is typical 
of scan tools. 

The list of GS500 functions is numer- 
ous. These are: 

(1) Read and clear generic OBDI! diag- 
nostic trouble codes, including pending 
trouble codes. 

(2) Read and clear manufacturer-specific 
trouble codes, including those for GM, 
Ford, Chrysler, Toyota and many more. 
(3) Turn off the Malfunction Indicator 
Lamp (MIL). 

(4) Show Freeze Frame data. 


MAF sensor (DTC #P0100) or MAP 
sensor (DTC #P0105) could just mean 
that there is no power to the sensor. 
This may be due to loss of either the 
ground or positive supply rail (or 
both) and the sensor itself may not be 
at fault. With this fault, probing the 
sensor leads with a multimeter should 
be done to check for power to the sen- 
sor. Continuity from the OV supply to 
ground (chassis) should also be tested. 
Another example is for an oxygen 
sensor DTC. This DTC may show as 
P0130 [Oxygen sensor circuit mal- 
function (Bank 1 Sensor 1)]. It refers 
to an incorrect control oxygen sensor 
output for a narrowband sensor. 
Note that wideband sensors (as used 
on some late model vehicles) have 
a different set of Diagnostic Trouble 
Codes. Their output response is very 
different to the narrowband sensors. 
The P0130 fault code means that the 
ECU has found that this sensor is not 
providing the expected output. It does 








(5) Display Monitor and |/M readiness 
status. 

(6) Read live data streams. 

(7) Display oxygen sensor test data. 

(8) Perform Modules Present test. 

(9) Retrieve Vehicle Information (VIN, CIN 
and CVN). 

The GS500 includes real time (live) 
data display. This is an invaluable aid to 
diagnosing the cause of trouble codes. In 
addition, the internal trouble code defini- 
tions library is an excellent inclusion so 
that Diagnostic Trouble Codes are shown 
alongside their definition. This saves look- 
ing up a long list of trouble codes versus 
their definitions. 

For live data, the Parameter |Dentifica- 
tion (PID) values are shown by their defini- 
tion rather than the PID number and the 
data is shown with units. That means that 
the scan tool is easy to use. Any data that 
cannot all be shown on the screen at the 
same time can be accessed by scrolling to 
the next screen. Alternatively, there is the 
option to customise what data is shown. 

Operation of the scan tool to access 
information involves a simple 2-button up 
or down scroll through a menu system. An 
extra two buttons are used to acknowledge 
or exit (using Y or N buttons). Having 
just four buttons makes the GS500 easy 





not necessarily mean that the oxygen 
sensor is at fault and you may need to 
look elsewhere to locate the cause. A 
rash approach would be to purchase 
a replacement sensor only to find that 
this does not clear the fault. 

To trace where the fault is, use the 
scan tool to read freeze frame data or 
the data stream. Freeze frame shows 
what the parameters were at the time 
the DTC occurred but this feature may 
not be available in your scan tool or 
from the OBDII in your vehicle. Real 
time data can show the current sen- 
sor readings but make sure you use a 
scan tool that can show real time data. 
It’s a matter of setting the scan tool to 
monitor the oxygen sensor readings 
and viewing the sensor readings. 

The correct output from a Zirconia- 
based narrowband sensor when the 
engine is idling is where the voltage 
cycles above and below a nominal 
450mV. If the voltage stays well above 
this voltage (say >800mV), then the 


siliconchip.com.au 











to drive and it should prove invaluable in 
diagnosing vehicle engine malfunctions. 

The Autel MaxScan GS500 hand-held 
OBDII scanner can be purchased from 


mixture is rich and if the voltage stays 
well below (say <100mV), then the 
mixture is lean. These voltages are for 
a sensor that is in working condition. 

If the voltage remains low, it could 
be that there is an air leak to the inlet 
manifold between the MAF sensor and 
inlet manifold. This leak will cause 
the mixture to be leaner than normal 
because the MAF is not measuring all 
the air entering the engine. In other 
words, the air leak is providing extra 
unmetered air that the ECU does not 
know about. A split in the crankcase 
ventilation hosing is a likely cause. 

Another cause for an oxygen sensor 
DTC is an air leak in the exhaust mani- 
fold or oxygen sensor gasket, causing 
a lean reading. 

If there don’t appear to be any air 
leaks, then check the sensor’s op- 
eration when it is removed from the 
engine. You will need to determine 
which leads are for the oxygen sensor 
element and which leads are for the 
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The Autel 
MaxScan GS500 
Scan Tool comes 
with a black 
carry case, a CD 
with over 8000 
DTC definitions, 

a manual and 
connecting cables. 


Engine Code Readers Australia - www. 
theobd2shop.com.au 

Alternative hand-held scan tools are 
also available from automotive suppliers 


heater and this can be found by refer- 
ring to the vehicle’s wiring diagram. 

Measuring the output voltage of 
the sensor when under the flame of 
a butane blowtorch can test a nar- 
rowband sensor. Heat the tip of the 
sensor under the flame until it has a 
red glow. The output voltage should 
rise to >800mV due to the rich mixture 
and drop to <100mV when the sensor 
is removed from the flame. The sensor 
may be faulty if it does not produce 
any voltage. 

Another scenario for the fault code 
may be that the sensor voltage stays at 
a fixed voltage. It is fairly normal for 
the bank 2 oxygen sensor (located at 
the output of the catalytic converter) 
to show a relatively fixed voltage of 
about 450mV. But a fixed voltage is not 
normal for a control oxygen sensor at 
the exhaust manifold. 

Yet another possibility is that the 
sensor’s output voltage (as measured 
using an oscilloscope or multimeter) 





The GS500 works with all OBDII- 
compliant vehicles and has a long 
list of features. Power comes from the 
OBDII connector. 


such as Repco. Check that the scanner’s 
features suit your application. See also 
Www. scangauge.com.au/index.html and 
www. jaycar.com.au 


always shows a rich (>700mV) read- 
ing. For a sensor with only one signal 
lead, the reading would be taken be- 
tween the sensor signal and the body 
of the sensor. The >700mV reading 
would suggest that the sensor is OK. 
Instead, the fault in this case may be 
that the negative (-) sensor terminal or 
the sensor body for the single output 
lead sensor is not grounded correctly. 

This could be due to a wiring fault 
or a broken connection inside the ECU. 
Either way, grounding the negative (-) 
sensor terminal to chassis can restore 
sensor operation. An alternative solu- 
tion would be to find the negative (-) 
sensor wiring for the second oxygen 
sensor used in the vehicle and connect 
the floating negative sensor terminal 
to that. 

With a single-wire sensor, the sen- 
sor may be isolated from chassis due 
to corrosion on the sensor or a faulty 
earthing strap connection from the 
engine to chassis. sc 
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: ‘Bans year around the 
. orld enormous numbers of 
marine mammals are caught in 
th commercial fishing nets and 
he shark nets protecting our beaches. 
ow an Australian company has come 
up with a way to warn cetaceans — 
dolphins, porpoises and soon whales — | 
away from nets and hopefully save many of | 
these magnificent creatures from becoming 
what i is Supnemuswed ty known as “by- catch”. 
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( nha fishermen hate see- 
ing whales, dolphins or por- 
poises entangled in their nets. 
Fishermen would much rather large 

mammals stay away from their trawl 
nets. Unfortunately, the very fish 
they are catching often attracts such 
animals — and they end up as part of 
the catch. 

Apart from the damage to the nets 
(and the down-time for necessary re- 
pairs and/or the cost of replacement), 
a significant amount of their catch 
can actually be eaten by the time the 
mammal is freed, more likely dead 
than alive. 

World-wide, it is claimed that 
around 300,000 of these creatures are 
accidentally entangled and drowned 
in commercial fishing nets. 


Shark nets 


As far as against protective shark 
netting off popular beaches goes, the 
arguments for and against drag on, 
with plenty of heat on both sides. 

While proponents point out the 
effectiveness of shark nets in saving 
humans from attack (for example, 
there hasn’t been a fatal shark attack 
off a Sydney ocean beach since nets 
were first introduced in 1937, after 
many attacks over previous years) 
opponents consistently point out the 
numbers of “other” marine animals 
caught and usually killed by the nets. 

Again, most of the time, it’s the 
“emotive” marine mammals including 
whales, dolphins and porpoises which 
attract attention from both tabloid 
media and some of the more alarmist 
websites. 


The Pinger 


But now at least, dolphins and por- 
poises in particular have a guardian 
angel in a Sunshine Coast (Qld) com- 
pany called Fumunda Marine and its 
cetacean warning device, commonly 
known as the “Pinger”. 

The small (46 x 152mm) and light 
weight (210g) Fumunda Pinger is de- 
signed to be attached to a net. It emits 
a 300ms pulse at 10kHz every four 
seconds, with a sound pressure level 
in water of 132dB. 

This frequency was chosen for two 
reasons: (a) it is known that dolphins 
and porpoises can hear it. 

More importantly, numerous inde- 
pendent scientific studies performed 
around the world over the past twenty 
years on different species and popula- 
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Director of Fumunda Marine, James Turner, shows his company’s “Pinger” 
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which has been reported to reduce by-catch by 80-95%. While the model he 
holds is intended for dolphin and porpoise repelling on commercial fishing 
nets, Fumunda are currently developing a Pinger specifically intended to reduce 
whale entanglement in commercial fishing nets and beach shark nets. 


tions of dolphins and porpoises have 
shown that it has the longest track- 
record of any signal for reducing dol- 
phin and porpoise by-catch. 

Tests also confirm that Pingers are 
over 90% effective in reducing dol- 
phin and porpoise by-catch in com- 
mercial net fishing practices. 

The Pinger has undergone extensive 
testing at the US Navy’s Transducer 
Evaluation Center (TRANSDEC) Un- 


derwater Facility in San Diego, Califor- 
nia which performs research, develop- 
ment, preproduction and acceptance 
testing of underwater electro-acoustic 
transducers for numerous Navy and 
private party customers. 


Inside the Pinger 

While exact circuit details are a 
closely-guarded secret, Fumunda’s 
James Turner has revealed that it is 
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A close-up of the commercial fishing Pinger, showing its tiny size relative to the 
hand holding it. The two electrodes seen on the body are responsible for turning 
the unit on when it is lowered into seawater. 


controlled by a Pic micro, which sets 
up the various timing circuitry to 
initiate the short 10kHz discharge via 
an inductor into a piezo transducer. 

The result is the characteristic 
“ping” (not unlike a submarine sonar) 
which gave the unit its name. While 
the unit can be heard operating in 
air (in fact that, in conjunction with 
oscilloscope waverforms, is how Fu- 
munda’s quality control ensures they 
are working correctly. Each is com- 
pared to a known standard to ensure 
it is within specification). 

The whole unit is potted in resin 
and encased in a very strong, solid el- 
liptical case, designed to slip through 
the water with minimum drag on nets. 

A great deal of attention was paid to 
the design and manufacture of the case 
— instead of being moulded or cast, the 
cases are CNC machined from a solid 
rod of a special co-polymer to toler- 
ances not much more than 1 micron. 


Battery replacement 


One end of the case is removable to 
allow the user to replace the battery 
(earlier devices had to be returned to 
the manufacturer or agent to replace 
the battery). 

Even so, battery life is estimated at 
two years, based on 12 hours per day 
usage. The Pinger also doesn’t have the 
disadvantage of having to be removed 
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from the fishing or shark net to have 
the battery replaced — as long as it is 
out of the water, it can be achieved in 
minutes. 

Because it is audible to humans, no 
special test gear is necessary to confirm 
that the Pinger is working before it 
goes back in the water. And when it is 
removed from the water, it continues 





to ping for about two minutes — again 
confirming its operation. 


Operation 

The Pinger only starts operating 
when it is immersed in seawater. 
That’s the function of the two elec- 
trodes you can see in the above photo. 

As everyone knows, sound travels 
significantly better through water than 
through air — by a factor of six times. 
That’s why the SPL in water is arather 
staggering 132dB and is also another 
reason why the targeted mammals can 
hear it so well. 

Incidentally, fish, sharks and other 
marine animals do not have the same 
sense of hearing that mammals do 
(in fact most have none at all), so are 
essentially undisturbed by the Pinger 
— even when operating right next to 
them. 

A significant amount of by-catch 
occurs at night when the nets are all 
but invisible in the water (during the 
day, they stand out much more). 

What the Pinger does is acoustically 
“illuminate” the net. It doesn’t so 
much say “Danger, Will Robinson” as 
say to the animal that there is “some- 
thing” there to be wary of. 

Many cetaceans navigate by eco-lo- 
cation. They learn that certain areas are 
no-go zones which hopefully will keep 
them safe from the nets with Pingers 
on them. In some ways, the Pinger 
operates like a fish finder, except that 





This Pinger is “laced” into a commercial fishing net. The shape and material 
of the Pinger case makes it offer minimal resistance in the water, minimising 
any extra drag on the nets. Each Pinger can operate up to two years before the 
battery needs to be changed — a task which can be undertaken on the deck of a 
fishing boat quite quickly and easily. 
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in this case it is not looking for any echo from the fish. 

Of course, while the Pinger is based on a lot of scientific 
studies and observation of mammal behavior, it is still 
based on theory. 

If anecdotal evidence is any guide, the Pinger has proved 
to be effective in reducing by-catch. But there is obviously 
a long way to go and a lot more information to be gathered. 

In Australia, there are around 1700 commercial fishing 
licences. Fumunda believe it would take around 12,000 
Pingers to cover the Australian fleet. But that is just Aus- 
tralia, where there is no legislation forcing such devices to 
be used. That’s a pretty significant market. 

But that pales into insignificance when compared to the 
overseas market. It is enormous, especially now that much 
of Europe is widely enforces their use under the European 
Commission (EC) code 812/2004. 

In the USA National Marine Fisheries Service (NMFS) 
regulations enforces the use of Pingers in certain areas of 
the commercial fishing industry. 

The Pinger meets both of these codes and is now being 
sold in both areas. 


Whale protection 


We’ve concentrated on dolphins and porpoises in this 
feature but arguably the most public outcry occurs when 
a whale is caught in a net. 

Various methods have been tried to keep whales away 
from nets in the past, including playing the sound of a 
killer whale underwater. But as recently as last October, a 
juvenile humpback whale was caught in nets off the Gold 
Coast while this technique was in use. Four humpbacks 
were caught during 2009. 

However, whales are known to respond to lower-fre- 
quency signals than other cretaceans so recently Fumunda 
Marine started working with the Queensland Department 
of Primary Industries and Fisheries to reduce the number 
of migrating whales caught in shark nets along the east 
coast of Australia 

Approximately 12,000 whales travel up and down the 
east coast each year. The team at Fumunda, like the New 
South Wales and Queensland Departments of Primary 
Industries want to reduce the number of incidental entan- 
glements. On the west coast more than 17,000 Humpback 
whales make the migration to the warmer northern waters 
for breeding, having to navigate through thousands of lob- 
ster pots which are set everyday. 

Fumunda marine believe whale Pingers could very easily 
be deployed in clusters of lobster pots to reduce the risk 
but have yet to convince the West Australian authorities. 

The latest whale Pingers have been designed to oper- 
ate at a much lower frequency — about 3kHz — which is 
known to be audible to whales. As distinct from dolphin/ 
porpoise Pingers, the whale Pinger operates with a constant 
frequency tone. 

As well as being significantly smaller and lighter, mak- 
ing handling and fitting to the nets much easier, the new 
whale Pingers will also be significantly more powerful 
than the existing models,. They will be made using high 
quality internal components and long-lasting replaceable 
batteries, ensuring reliable performance. 

The whale Pinger technology has applications globally 
and the company hopes to work with other stakeholders to 
further protect these wonderful marine mammals. SC 
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+ Two mixed signal triggers 
+ Protocol decoding 

+ Spectrum analysis 

+ Symbolic maths 

+ Custom units 

+ Copy & paste 

+ Signal generator 

+ USB or Ethernet 

+ 4 or 8M samples storage 
+ 100 MHz sampling 

+ Dual 10, 12 or 14 bit ADC 
+ Ext Trigger, 8 Digital Inputs 
+ 1 MSa/sec charting 
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Distributors: 
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02 9896 7150 
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1300 853 407 
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1800 068 663 
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Dick Smith Lab Power Supply 0-30V 2.5A with Digital Display 
Laboratory grade linear power supply with 0-30V adjustable output and 

an adjustable constant current setting from 0A to 2.5A at all selectable 
output voltages. Features separate voltage and current metering, 

overload protection and high/low current front panel terminals. Solidly 
built chassis, measures 150mm (W) x 235mm (D, inc knobs) x 145mm 

(H, inc feet). Not carried in all stores, but can be ordered in. Q1770 


Dick Smith 8W Battery Powered 
Soldering Iron 

Operates on 3 x AA alkaline batteries 
(not included) for up to 40 minutes. 
Combined heater element and tip for 
greater reliability and faster heat-up. 
Not carried in all stores, but can be 
ordered in. 72502 


Dick Smith 43 Range Digital 
Multimeter 

Great value digital multimeter with 4000 count 
LCD screen. Includes Capacitance, Frequency, Duty 
Cycle and Temperature measurement functions. 
Includes K-type temperature probe, test leads, and 
protective holster. Not carried in all stores, but can 
be ordered in. Q1456 


Dick Smith 100g Lead-Free 


Solder Roll 

A lead-free 1.0mm solder alloy 
containing flux for general 
electronics work where earlier 
lead-based solders cannot be 
used. This solder is 99.3% tin and 
0.7% copper. Recommended for 
use with iron-clad or nickel-clad 
soldering iron tips. 100g roll. 


200g Butane Gas 

Highly filtered butane gas to 
power up your blowtorches and 
soldering irons. Supplied with a 


gas refill nozzle. 200g can. N1092 N2630 





with Magnifier 


on it. T5715 


Dick Smith Helping Hands 


Heavy cast-iron base for stability, 

a magnifying glass, plus adjustable 
position alligator clips to hold an 
item still while you're working 
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Dick Smith 1-15V DC 60A Heavy Duty Lab Power Supply 
High efficiency Lab supply with adjustable 1V to 15V DC output, 
huge 60A continuous current rating, plus low ripple output and 
internal cooling fan. Front and rear panel DC outputs, with a Remote 
sensing terminal to compensate for cable losses. Features large LED 
front-panel metering and heavy-duty rear panel banana sockets. 
Limited stocks. Not carried in all stores, but can be ordered in. Q1775 


Dick Smith Digital Display 55W 
Soldering Station 

Professional 55W soldering station with 
lightweight soldering pencil, flexible cabling 
and a plated soldering tip. Adjustable 
temperature range of 200°C to 450°C, large 
LED-style temperature metering, plus a long- 
life ceramic heating element. Not carried at all 
stores, but can be ordered in. 12250 


Dick Smith Benchtop 
Soldering Fume Filter 
Reduce soldering fumes with this 
compact filter. Includes a quiet, 
mains-powered fan, 2 activated 
carbon filters, adjustable stand 
and plastic hood assembly. 12346 








Promotion from 
25/01/10 to 28/02/10 


All offers on this page are for retail store stock only, with strictly limited stock available. Some items may not be available for mail orders or stock 
movements between stores, and back order may not be available. Enthusiast electronics items are not available in all stores; please contact your 
local store to determine availability. 


Swann Wireless Alarm Kit 


An economical wireless home and small office/business security alarm 
system kit supplied with all mounting hardware and accessories making 
it easy to set up. Includes numbered security arming/disarming keypad, 
remote controllers, door gap sensor, a loud siren and two passive 
infrared movement detection sensors. 16196 


DEKO 64pc Electronic Kit 

Highly innovative, creative and chronatic 
Science Time Electrical Kits effects. Construct 3D models or spinning 
Build your own simple educational kits. objects with these magnetised metal rods and 
Electronic Fan K1153, Liquid Power Clock K1154, nickel plated ball bearings. Mail or web order 
Electronic Crane K1155, Balloon Racer K1156 only; not carried in stores. K1168 


Dorcy LED Headlamp 
Ideal for use when your hands 
are not free, 3 super bright 
LEDs, adjustable headlight and 
Floating Lantern with 6 Volt Rae aed. slide OnlOe anita 
Battery Durable construction, long up to 28hr run time on 3 x AAA 
range beam, Krypton globe includes _ alkaline batteries (included). 
6 volt heavy duty battery. Y1329 Y1253 
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Terms and conditions: offers start 25/01/10 and end 28/02/10 or while stock lasts. No rainchecks. 
No layby. Offer may not be available in some reseller or franchise stores. 
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SWANN 7" Video Doorbell Intercom 099 


See and hear who is at the door before you open it! The Swann High 
Resolution Full Colour Video Intercom with a large 7" (177mm) LCD 
screen, infrared night vision, 2-way intercom and non-invasive small 
camera size, including user selectable doorbell tones and adjustable 
video brightness and contrast as well as volume control. L6191 


REDUCED PRICE 
TO CLEAR 


$ R54 


$ 
30-in-1 Electronic Lab Kit SAVE 10 
Create and build a radio, burglar alarm, water 
detector and many more exciting electronic 
experiments. K0028. Also available: 
130 in 1 Electronic Kit. K0029 139" 





DORCY LED Dynamo Flashlight 


Simply wind handle to ‘POWER UP’ light, 


renewable energy — alternative to power 
light. Ideal for emergencies at home, 
camping and cars. No more bulbs or 
batteries required. Y1277 


Energizer 
Energizer LED Torch with 
Batteries 
Energizer LED torch with 
55 Lumens bright light output 
durable strong metal casing 
and 2 x AA batteries included. 
Y1330 
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Build an OBDII inte 
for a laptop com 


If you have a laptop PC you can build your 
own OBDII interface so you can access all 


the information available to a dedicated 
hand-held scan tool but at a much lower 
cost. Not only can you access all the fault 
codes in your car’s ECU but you can 

then store them in your laptop for future 


reference. 


DesignibyOHNIGUARKE 


LSEWHERE IN THIS issue, we 

have a major feature on the topic 
of On-Board Diagnostics (OBDII) and 
here we describe how to build your 
own OBDII scan tool. If you are not 
familiar with OBDI, then you should 
read the feature article before reading 
further about this project. 

Hand-held OBDII scan tools are very 
convenient, especially where they can 
be used everyday in a car workshop. 
However, for the home mechanic, the 
cost of a hand-held unit may not be 
justified, especially when it might only 
be used occasionally. 
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While this OBDII Interpreter does 
have an obvious drawback in that you 
must use it with a laptop computer, it 
does duplicate all the features avail- 
able in a hand-held scan tool using 
freely-available software. 

Alternatively, for those who have 
a Palm computer or a Pocket PC2002 
or 2003 with a serial port, there is 
software available that allows these 
units to be used as an OBDII scan tool 
instead of a standard PC. We have not 
tried the software for the Palm or Pock- 
et PC but we expect that it will work 
as Claimed by the software vendors. 





SIUCON CHIP 
OBDII TO RS-232C 
INTERPRETER 


For the PC, there are several free 
software programs that are suitable 
for computers running Windows 98 
through to Vista. We tried three of these 
software programs on a laptop running 
Windows XP with success. 

The SILICON CHIP OBDII-to-RS232 
Interpreter enables your laptop PC, 
Palm etc to operate with OBDII proto- 


RS-232C LEAD OR 
RS-232C TO USB 





1 RS-232C 


OUTPUT PC WITH SERIAL RS-232C 


OR USB PORTS 


VEHICLE 
OBDII SOCKET 


Fig.1: the OBDII-to-RS232C Interpreter is connected between the vehicle’s OBDII socket and a laptop computer. 


OBDII PLUG 
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cols including CAN, ISO, KPW, PWM 
and VPW. The Interpreter converts the 
signals from OBDII format to a form 
suited to communication with a PC. 


General arrangement 

Fig.1 shows the general arrange- 
ment. The OBDII Interpreter comprises 
a small diecast box with a connector 
that plugs into the in-vehicle OBDII 
socket, while a DB9F connector pro- 
vides an RS232 connection to the 
laptop computer. If only USB ports 
are available on the computer, then 
an RS232-to-USB converter cable will 
have to be connected to the OBDII 
Interpreter instead. 

LEDs on the OBDH Interpreter in- 
dicate when power is on and when 
OBDII data and serial data is being 
sent or received. 

The key chip inside the OBDII In- 
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The unit is housed in a rugged metal diecast 


case and is powered via the vehicle’s OBDII socket. 


terpreter is an ELM327 which is based 
on a PIC16F873 microcontroller (or 
similar). Considerable development 
of the software has been done by ELM 
Electronics, based in Canada, to ensure 
the chip works correctly with all cur- 
rently used communication protocols. 

Note that there are low-cost OBDII- 


to-RS232 interpreters available at 
various sites on the internet and these 
are often based on a pirated clone of 
the ELM327. However, many of these 
cloned interpreters can have erratic 
operation due to software bugs. 

We have specified the genuine 
ELM327. Data for the ELM327 is avail- 
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RS-232C 
INTERFACE 


STATUS LEDS 


PROTOCOL 
INTERPRETER 


INSIDE THE ELM327 


OBD INTERFACES 


ISO 157654 
CAN 


ISO 91412 
ISO 14230-4 


SAE J1850 
PWM & VPW 





Fig.2: internal arrangement of the ELM327 IC. It’s basically a custom-programmed PIC microcontroller. 


able at www.elmelectronics.com 
Fig.2 shows the internal arrange- 
ment of the device. All OBDII com- 
munication protocols are catered for 
so that the device will work with any 
vehicle that complies with the OBDII 
standard. These standards are CAN 
(Controller Area Network), ISO (Inter- 
national Organisation for Standardi- 
sation) 9141-2, ISO 14230 KWP2000 
(Keyword Protocol), SAE (Society of 
Automotive Engineers) J1850 PWM 
(Pulse Width Modulation) and SAE 
J1850 VPW (Variable Pulse Width). 


Circuit details 

The full circuit for the OBDII Inter- 
preter is shown in Fig.3 and is largely 
based on the application literature 
from Elm Electronics. 

For the CAN protocol, IC2, an 
MCP2551 Controller Area Network IC 
from Microchip is used. Pins 6 & 7 of 
IC2 drive the OBDII connections for 
the CAN bus. IC1 sends data from its 
CAN Tx pin 23 to IC2 at pin 1. Data is 
received at the CAN Rx pin 24 from 
pin 4 of IC2. 

A 4.7kQ resistor at pin 8 sets the rise 
and fall rates on the CAN bus drive 
to less than 25V/us. This slow rise 
and fall rate reduces electromagnetic 
interference. 

Data for the MCP2551 is available 
from www.microchip.com 

Transistors are used to provide the 
necessary level shifting for the other 
OBDII communications standards. 

ISO communications use pins 15 
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& 7 of the OBDII connector and these 
are driven by transistors Q6 & Q7 from 
pins 22 & 21 of the ELM327. Note that 
510Q pull-up resistors are connected 
between each transistor collector and 
the +12V supply rail. 

The signal from pin 7 of the OBDII 
connector is reduced by about 32% 
using a 47kQ and 22kQ voltage di- 
vider and is then applied to the pin 12 
Schmitt trigger input of IC1. If pin 7 of 
the OBDII connector is at +12V, then 
pin 12 of the ELM327 will be at +3.83V 
and this is recognised as a high level. 

VPW communication is via pin 2 of 
the OBDII connector while the PWM 
protocol is via pins 2 & 10. An LM317 
adjustable 3-terminal regulator, REG2, 
sets the voltage swing at pin 2 to ap- 
proximately 7.5V for the VPW protocol 
and 5V for the PWM protocol. 

When IC1 pulls its pin 3 to OV, the 
total resistance between REG2’s ADJ 
terminal and OV is 240Q plus the two 
240Q resistors in parallel. This sets 
REG2’s output to +5V. When pin 3 of 
IC1 is set at +5V, the output of REG2 is 
set to +7.5V. This is applied to pin 2 of 
the OBDII connector via transistor Q2 
and diode D2. This occurs when tran- 
sistor Q1 is switched on via pin 4 of 
C1, in turn switching on transistor Q2. 

Pin 10 of the OBDII connector is 
pulled low by transistor Q3 when it 
is switched on via the pin 14 output 
of IC1. 

For PWM operation, transistors Q4 
& Q5 convert the differential signals 
at pins 2 & 10 of the OBDII bus to a 





single-ended signal which is fed to 
pin 13 of IC1. 

IC1 monitors the vehicle battery via 
a voltage divider comprising 47kQ and 
10kQ resistors on pin 2 (Vmeas). It then 
converts the input to a digital value. 
This becomes part of the live data and 
is displayed on the computer screen. 


RS232 operation 


While IC1 does have RS232 (Tx) and 
Receive (Rx) lines for serial data at 
pins 17 & 18 they require translation to 
the standard RS232 levels. This is the 
task of the MAX232 RS232 driver, IC3. 
IC3 converts the 5V signal levels from 
IC1 to +10V levels for RS232 signal- 
ling. To do this, the 5V supply to IC3 
is doubled in value and also inverted 
using internal switching circuitry and 
the external 1uF capacitors. 


Default settings 

Pins 5, 6 & 7 of IC1 are all tied high 
(+5V) on the PC board to select default 
options. For example, pin 5 of IC1 is 
connected to +5V to select the memory 
option — it remembers the last OBDII 
protocol connection. So if your vehicle 
uses the VPW protocol for example, 
this will be selected when the Inter- 
preter is used next time. 

Selecting the memory option makes 
connection much faster. Without the 
memory, each protocol would have 
to be tested for a valid connection 
until successful communication was 
achieved. 

Pin 6 is connected to +5V to set the 


siliconchip.com.au 





OBDII 
CONNECTIONS 19, D1 IN4004 REG] 7805 


RS-232C 
CONNECTOR 


X1 4.0MHz 
0 Q1, Q3, Q5-G7: BC337_—_-Q2, Q4: BC327 


D1: 1IN4004 


Li 
A K 


OBDII INTERPRETER b2, D3: 1NA148 


\ K ~ OUT 














Fig.3: the complete circuit diagram of the OBDII-to-RS232 Interpreter. As well as the ELM327 microcontroller, it also 
uses an MCP2551 Controller Area Network IC (for the CAN protocol) and a MAX232 driver (IC3) for level translation. 
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RS232 baud rate to 38,400 bits/s. When 
pin 6 is tied to OV, the baud rate is 9600. 
k | tc; With pin 7 at +5V, IC1 sends a line 
eoeg ttt feed signal after each block of data as 
INISTRIN| Go well as a carriage return. With pin 7 
hie ' ; | at OV, only a carriage return signal is 
no onnonnennan or oe i : sent. You could change each of these 
——— he -— S S q Yb : options by cutting and linking the 
sooo OL _—— p tracks associated with pins 5, 6 & 7 
but we cannot think of why anyone 
would want to do so. 
A 4MHz crystal connected to pins 9 
& 10 of IC1 sets the frequency of opera- 
tion and determines the accuracy of 
the baud rate and the OBDII data rate. 


LEDs 1-4, ted t ins 25-28 
Fig.4: install the parts on the PC board as shown in this layout diagram. ae 1C1, show epee d OEDT signal 


Note that 3-terminal regulators REG1 & REG2 and the two electrolytic 


capacitors have to bent over to clear the case lid (see photo below). sonata 


Power for the circuit is derived from 
eae ines the 12V supply from the OBDII port 

<\ (pin 16) via a 10Q resistor and reverse 
polarity protection diode D1. The 102 
resistor and 100uF capacitor filter the 
voltage applied to the 7805 5V regula- 
tor, REG1. LED5 is the power indicator. 


Construction 


The SILICON CHIP OBDII Interpreter 
is assembled onto a PC board coded 
05102101 and measuring 105 x 56mm. 
It is housed in a diecast box measuring 
111 x60 x 30mm. An 8-way cable pro- 
vides connection to the OBDII connec- 


fabler2saGapacitomGodes 


Value uF Value IEC Code EIA Code 
1pF 1pF lu 105 
100nF O.1nF 100n 104 
560pF NA 560p 561 
27pF NA 27p 27 













This is the view inside'the prototype. Note the cable ties (arrowed) attached 
the tabs|of,the two 3-terminal regulators. They are necessary to prevent the 
metal'tabs from shorting to the case lid. 









TablesiFAResistomGolourmGodes-70BDaintercepton 








a) No. Value 4-Band Code (1%) 5-Band Code (1%) 

QO 1 100kQ brown black yellow brown brown black black orange brown 
a 2 47kQ. yellow violet orange brown yellow violet black red brown 

O 3 22kQ red red orange brown red red black red brown 

O 5 10kQ brown black orange brown brown black black red brown 

a) 5 4.7kQ yellow violet red brown yellow violet black brown brown 
O 2 2.2kKQ red red red brown red red black brown brown 

= 2 510Q green brown brown brown green brown black black brown 
a) 5 470Q yellow violet brown brown yellow violet black black brown 
O 3 2400 red yellow brown brown red yellow black black brown 

O 1 120Q brown red brown brown brown red black black brown 

| 2 100Q brown black brown brown brown black black black brown 
a 1 10Q brown black black brown brown black black gold brown 
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(LEFTHAND 
END OF CASE) 





ALL DIMENSIONS IN MILUMETRES 





(CASE LID/FRONT PANEL) 





HOLES A ARE ALL 3.0mm IN DIAMETER 


(RIGHTHAND 
END OF CASE) 


ALL CORNERS OF HOLE B 
HAVE 3.0mm RADIUS 


Fig.5: follow this diagram to mark out and drill the holes in the the metal case. The cutout for the RS232 socket can be 
made by drilling a series of small holes around the inside perimeter, then knocking out the centre piece & filing. 


tor while an RS232 female connector 
provides connection to a computer. 

Fig.4 shows the component layout 
for the PC board. Begin construction by 
checking the PC board for any defects 
such as shorted tracks or breaks in the 
copper. Check also that the corners 
have been shaped to clear the internal 
corner sections of the box. The corner 
cut-out shaping required is outlined 
using thin tracks on the underside of 
the PC board. 

Insert the 0Q links and the resis- 
tors first, taking care to place each in 
its correct place. Use the colour code 
table as a guide to select each resis- 
tor and check each one with a digital 
multimeter before installing it on the 
PC board. That done, solder in the PC 
stakes for the OBDII cable connections 
— see also Fig.6.. 

Now install the diodes and the IC 
sockets. For IC1, it can be difficult to 
obtain a DIP28 socket that is 0.3-inch 
wide. A 0.6-inch wide socket can be 
used instead but with the socket cut 
into two separate 14-way strips which 
are then mounted separately. Take care 
to orient the sockets correctly. 

The capacitors can be installed next 
but be careful with the two electrolytic 
types — they must be oriented with 
the polarity shown. In addition, the 
latter must be bent over to clear the 
lid of the box. 

Transistors Q1-Q7 can be mounted 
next, taking care to use BC337 NPN 
transistors for Q1, Q3, Q5, Q6 & Q7 and 
BC327 PNP transistors for Q2 & Q4. 

Now for regulators REG1 and REG2. 
They must have their leads cranked 
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OBOIEInterpretersvMainikeatunes 


Shows real-time data 


so that they can clear the lid of the 
case. We placed a cable tie through the 
mounting hole of each regulator tab 
and secured the tie in place around the 
end of the tab. This ensures the metal 
tabs will not make contact with the 
metal case lid — see photo. 

The LEDs are next on the list. In- 
stall each one so that its top is 21mm 
above the surface of the PC board. This 
will allow them to protrude slightly 
through the lid when it is in place. 
Take care to orient each with the 
anode (longer lead) toward the top of 
the PC board. 

A cardboard spacer cut to 16mm and 
inserted between the leads of each LED 
as it is soldered into place can be used 
to accurately set their heights. 

Finally, install the crystal and RS232 
DBOF right-angle connector. Note that 
the mounting clips for the connector 
may need expanding a little on the 
underside of the PC board so the con- 
nector is held in place securely rather 


Enables checking for diagnostic trouble codes 
Clears trouble codes and Malfuntioning Indicator Lamp (MIL) 


Extra features are software dependent 

Interpreter interfaces between the vehicle’s OBDII port and a computer 
Serial or USB connection (via an adaptor) to computer 

Power for the OBDII Interpreter obtained via the vehicle’s OBDI! port 
Works with CAN, ISO, KPW, PWM and VPW protocols 





than relying on the soldered pins hold- 
ing it in place. 


Boxing it 

The first step here is to mark and cut 
out the shape required for the DB9F 
connector in the side of the case. All 
the relevant dimensions are shown 
in Fig.5. 

The cut-out can be made by drilling 
a series of holes around the inside of 
the marked perimeter and then knock- 
ing out the centre section. Use a file to 
finish the job. 

A semicircular cut-out is needed at 
the opposite end of the case to accept 
the cord grommet. The grommet is ul- 
timately secured in place with the lid. 

Next, unscrew the two spacers on 
the DB9F connector and insert the PC 
board into the box. That done, mark 
out the corner mounting holes in the 
base of the box, then remove the PC 
board and drill these out to 3mm. 
These holes are then countersunk 
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9 16 (FRONT VIEW) 
OBoaqago0aqagaqgag0 


(REAR VIEW) 


i 


CABLE a” 


DOUBLE SIDED 
PC BOARD WITH 
CONNECTION PINS 


OBDII Connector Wiring 


OBDII 
CONNECTOR 


RUBBER 


CONNECTOR BOOT 


Fig.6: this diagram and the photos on the following page show how the 8-core 
Cat-5 cable is wired to the OBDII connector board and to the main PC board. 
Take care with the orientation of the PC board in the OBDII connector shell. 


from the underside of the box to suit 
countersunk screws. 

Finally, five holes must also drilled 
in the lid of the case for the LEDs. 

Once the drilling has been com- 
pleted, the PC board can be mounted 
in the case. Begin by attaching the 
6mm spacers to the underside of the 
PC board using M3 x 4mm screws, 
then insert the board into the box 
and secure with it using countersunk 
screws through the bottom. The DB9F 
spacers can then be screwed onto the 
connector to secure it to the box. 


Cable wiring 


To wire up the OBDII connector you 
will need a 600mm length of 8-core 


geet eaion Port (COM1) Properties 


Cat-5 cable. The details of the cable 
wiring are shown in Fig.6. Note, how- 
ever, that the wire colours shown are 
not what you would find inside a real 
Cat.5 cable. We’ve used the colours 
shown in Fig.6 for clarity. 

First, strip the outer sheath back by 
about 30mm at each end and then strip 
the insulation off each wire, prior to 
soldering. At the PC board end, pass 
the lead through a grommet and fit a 
small cable tie over it to act as a cord 
clamp. That done, fit heatshrink sleev- 
ing over each of the eight wires before 
soldering them to the eight PC stakes 
on the board. 

At the OBDII connector end, pass 
the cable through the stress-relief/cord 


Fig.7: the COM port 





————n 
| Smal Fat Port Settings | Driver || | Details | | Resources | 


Data bits: [g a 


Bow cor: [None _ 











Bis pe second: | anS 





tor ine 


[_Advanced..._} [ Restore Defaute | 
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| 
| 
| 
| 
} 
H 
| 
| 
| 
{ 
| 
| 
| 
t 
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| 
| 
{ 
| 
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you will be using on 
the laptop must be set 
to 38,400 baud, 8-bit 
data, no parity and 
one stop bit. Leave the 
flow control setting at 
none. Note: this dialog 
is accessed through 
Device Manager (see 
text). 
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DIECAST BOX 





clamp before soldering the wires to 
the small double-side PC board of the 
OBDII connector. This board comes 
with 16 pins already fitted which con- 
nect to eight PC pads in between the 
two rows of pins. 

To make it easy to connect the 8-way 
Cat-5 cable to it, we first soldered eight 
PC stakes to the board. The eight wires 
are then soldered to the stakes. As you 
can see in the relevant photos, each 
individual wire is first fitted with a 
10mm-long heatshrink sleeve before 
being soldered to its PC stake. 

Before soldering the wires, make 
sure the pin labelling (1-16) on the 
rear of the double-sided PC board 
matches the pin numbers moulded 
into the OBDII connector housing 
(as seen from the front), ie, pin 1 on 
the rear of the double-sided PC board 
must match pin 1 on the inside front 
of the plug. Fig.6 shows the details. 

Why do we make a point of this? 
As supplied, our connector had the 
double-sided PC board with the con- 
nector pins oriented incorrectly by 
180°. This can be fixed by removing 
the PC board/pin assembly from the 
OBDII connector shell and reinserting 
it with the correct orientation. 

A cable tie around the cable will 
prevent it from being pulled out 
through the cable relief/cord clamp 
(we found that the cord clamp does 
not sufficiently anchor the cord). The 
wiring at the other end of the cable is 
simply connected to the PC board pins. 

Finally, make sure that the wire 
colours going to the pins in the OBDII 
connector match those going to the PC 
board, as shown in Fig.6. 
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ends (see Fig.6). 


The leads from the 8-core Cat-5 cable are wired 
to PC stakes at the back of the OBDII connector 
board. Be sure to get the pin numbering correct 
and be sure to match the lead colours at both 








Another view of the wiring to the OBDII connector board. 
Use a cable tie to stop the lead from pulling through the cord clamp 


At this stage, you should be finished 
with the assembly, so let’s discuss 
computer ports and software. 


Computer ports 


Before proceeding with the software 
downloads, decide what port you will 
be using on your computer for the 
OBDII Interpreter connection — ie, 
either an RS232 serial port or a USB 
port. If you have an older PC or lap- 
top with a serial port, then this is the 
cheaper option as you only need a se- 
rial extension cable. However, to state 
the obvious, a PC is not portable and 
requires 230VAC power. 

By contrast, if you have a laptop that 
doesn’t have a serial port, your only 
option is to use a serial-to-USB cable 
to connect to one of the USB ports. 

For serial port use, the COM port 
needs to be set for 38,400 baud, 8-bit 
data, no parity and one stop bit. To do 
this in Windows XP, first right-click 
My Computer to bring up the Sys- 
tem Properties dialog, then click the 
Hardware tab and click on the Device 
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Manager button. Now click the “+” 
sign next to Ports (COM & LPT), the 
right-click the Communications Port 
entry, click Properties and select the 
Port settings tab to bring up the dialog 
shown in Fig.7. 

Finally, change the serial (usually 
COM1) port settings to the values 
listed above, ie, 38,400 baud, 8-bit 
data, no parity and one stop bit (leave 
the Flow Control setting at none). 


Using a USB port 


If you are using a USB port, then you 
will have to install a USB-to-serial con- 
verter driver. The CD supplied with the 
cable contains drivers for Windows 
Vista, Windows XP and Windows 98, 
so be sure to choose the correct driver 
to suit your operating system. 

When you plug the USB-to-serial 
converter into a USB port, you will 
be automatically prompted to install 
a suitable driver from the disk. You 
can either manually select the driver 
or choose automatic installation by 
selecting the appropriate options. 






The PC stakes are 
installed from the 
pin side of the 
OBDII connector 
board. 





Be sure to fit the connector shell/ 
keyway over the pins with the 
correct orientation — see text & Fig.6. 


In operation, the USB driver uses 
a virtual serial communications port. 
Depending on the operating system, 
you may be required to select a COM 
port number for the USB-to-serial 
converter. Be sure to select aCOM port 
number that is free to use. 

For computers without a serial 
port, you can usually select COM1. 
Conversely, for computers with a 
serial port, a COM port number that 
is different to the original COM port 
must be selected. 

In addition, the settings for the vir- 
tual serial port will need to be checked. 
To do this in Windows XP, go to the 
Device Manager (as outlined above), 
click the “+” sign next to Ports (COM 
& LPT), right click the USB-to-serial 
bridge entry and change the Port Set- 
tings to 38,400 baud, 8-bit data, no 
parity and one stop bit. 


Software packages 


As mentioned earlier, we tested 
three software packages with the 
OBDII-to-RS232 Interpreter. A sum- 
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‘SJ BasyObd f° Version 2.3.0 Free Yersion - YEasybd ti - Version 2.3.0 


EasyObd Ii 


Free Version = 












General Data 





System Reset 
Scan Vehicle Again 
Show Live Data 
Show Live Dashboard 
Show Datalogger 
Show Test Status 


Show Vehicle Information | 


Fuel System 2 Status Not Available 









About EasyObd if | 


Show Flows and Pressures | Show Fuel Tims | Show Temperatures | Show Oxygen Sensors | 





Show Secondary and Aux | Show Timers and Distance | 





Show COM Port Configuration | EasyObdil com 


Back | Printer Setup | Print | 








Version 23.0 Monday. November 9. 2009 | Version 23.0 Monday. November 9, 2009 | 











Fig.8: EasyObdII has lots of features. It works with our 
Interpreter but only when using a serial-to-USB converter. 


Fig.9: this General Data screen grab shows just some of the 
information that’s available using EasyObdII. 


S) EasyObd tt - Version 2.3.0 Free Version ? [) EasyObd it - Version 2.3.0 Free Version - 


Oxygen Sensor Data 1 On Board Diagnostic Tests | 





Continuous Monitoring Tests 


Short Term Fuel Trim 


Oxygen Sensor 3 
Short Term Fuel Trim 


Oxygen Sensor 4 
Short Term Fuel Trim 


Not Available 


Not Available 
Not Available 


Not Available 
Not Available 


Back Printer Setup 


Back 


Print | 





Version 23.0 





Monday. November 3. 2009 Version 230 


Monday. November 9. 2009 





Fig.10: typical oxygen sensor data from EasyObdII. The 
outputs from two Bank 1 sensors are shown here. 


mary of the features available for each 
package is shown in Table 3. 
software covers 
most OBDII features and is written 
specifically for Scantool OBDII inter- 
faces only. However, it does run using 
our OBDII Interpreter but only when 
using a serial-to-USB converter and a 
USB port on the PC. It’s available free 
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of charge from http://www.easyobdii. 
com (although you have to go through 
the on-line purchasing process). 

After completing your details, an 
email will be sent informing you of the 
site location to download the software. 
The software downloads as an execut- 
able file called EasyOBDII.exe. 

The EasyOBDII.exe file can be saved 
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EasyObdil v2.3.0 wOBD v1.51 ScanTool v1.15 

Read DTCs* iL. Yes Yes Yes 
Clear MIL* and DTCs Yes Yes Yes 
Real-Time Data Yes Yes Yes 
Continuous I/M* Monitors Yes Yes = 
Non-Continuous I/M Monitors Yes Yes - 
Vehicle Information - a - - 
Freeze Frame Data Yes 5 5 

Serial Or USB Operation USB only 


*DTC = Diagnostic Trouble Code; MIL = Malfunction Indicator Lamp; I/M = Inspection & Maintenance 















Fig.11: EasyObdIl’s On Board Diagnostics Tests page 
shows which tests have been carried out & completed. 


into anew folder called c:\programs\ 
Easy OBD. Then a shortcut can be cre- 
ated and placed on the desktop. When 
run, the COM port is automatically 
selected and the OBDII connection 
is made. The port status can also be 
checked by clicking the Show COM 
Port Configuration button — see Fig.8. 
A sample of the general data avail- 
able with the Easy OBDII software can 
be seen in the screen grab of Fig.9. 
Oxygen sensor data is shown in the 
screen grab of Fig.10, while on-board 
diagnostic tests are shown in Fig.10. 
at OBD2- 

Crazy.com provides free software for 
the ELM32X based OBDII converters. 
This software can be downloaded as 
a zipped file (FULWOBD.zip) from 
http://www.obd2crazy.com/software. 
html. Download the file, open it and 
run setup.exe to install the program 
and place a shortcut on the desktop. 
The version we used was WOBD v1.51. 
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In order to use this program, both 
the COM port and the baud rate must 
first be set. It’s just a matter of select- 
ing the correct COM port number and 
setting the baud rate to 38,400. The 
screen grab of Fig.12 shows a COM4 
setting and this is for a virtual serial 
port using a USB input on our laptop 
computer. This COM number may be 
different for your computer. 

The Check Engine page of wOBD 
(Fig.13) shows the Diagnostic (MIL) 
Codes and the status of both the Con- 
tinuous and Non Continuous Monitor- 
ing functions. Fig.14 (Poll Data) shows 
some of the data available. The white 
sections are the valid data while the 
grey sections show data that has yet 
to be updated. Note that some data 
is in imperial units (°F, psi and mph) 
while other data is in metric units (kPa 
and gm/s). 

The data can be updated repetitively 

by setting the screen refresh update 
rate to 1s. 
(3) The third program, ScanTool v1.15, 
is open source software and can 
be downloaded from http://www. 
scantool.net/scantool/downloads/ 
diagnostic-software/. The download 
file is scantool_net115win.exe. This 
file is then run to install the ScanTool 
software and a shortcut is placed on 
the desktop. 

As before, both the COM port and 
baud rate need to be set. The port is 





| & wOBD - Check Engine 
|| Bile Help 

| 

| 

| 

| 

i 

\ 

| 

| 


Diagnostic (MIL) Codes 
No codes reported 


Continuous Monitors 


Misfire Test OK 
Component Test OK 


Non-Continuous Monitors 





Fuel System Test OK 


i 
i 


|B wood v1.5.0 
| Bie Help 


|| Software for ELM 32x based 
| OBD2 converters. 


1.51 


| 
| 
{ 
| September 1, 2006 
| 
| 











| [3s400 >| 








& 


Beta version 


ELM 327 only 


Catalyst Test OK 

Evaporative System Test OK 

A/C Refrigerant Test Unsupported 
Oxygen Heater Test OK 








Heated Catalyst Test Unsupported 
Secondary Air Test Unsupported 
Oxygen Sensor Test OK 

EGR System Test Unsupported 








[com com4 Closed 














Fig. 13: the Check Engine ¢ dialog of wOBD shows ‘the 
diagnostic codes (if any) and displays the status of the 
Continuous and Non-Continuous Monitoring functions. 
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ScanTool v1.15 is just one of 
several freeware programs 
that can be used with the 
OBDII-to-RS232 Interpreter. 


Fig.12 (left): wOBD is another 

| excellent freeware program that 

| works with our OBDII-to-RS232 

Interpreter. A COM4 port setting 

| is shown here (change this to 

suit your computer) and you 

| must set the baud rate to 38400. 

Data Acquisition | 
Polling Designer | 


Poll OBD2 Data 


$$$} || 





Advanced Users 1 
wOBD2 Explorer | 


wOBD2 Scanner | 


See | 






































































































































a yy 
(a) 7 Eg 
| Screen Refresh (secs) | 
Carl Polling zeup (22 events] Max Poll Loops ‘en Ze aS i 

| ‘Description Value] Samples Min 
|| | Calculated Engine Load 18.03% 5 17.64% 
|| | Coolant Temp 154.4F 5 150.8F 

| Short term fuel trim 1 “3.125% 5 3.125% 
|} | Long term fuel trina 1 -3.90625% 5 -3.90625% 
|| | Short term fuel trim 2 100% 5 100% 
|| | Long term fuel trim 2 B5.9375% 5[ _-85.9375% 
|| | Fuel Pressure 54kPaG 5 54kPaG 
| Manifold Air Pressure 2.61 psi 5 2.61 psi 
i IE ngine RPM 808rpm 4 808rpm 
| | Vehicle Speed Omph 4 Omph 
|| | Ignition Advance 7.5Deg 4 #Deg 
|| [Intake Air Temp 80.6F 5 80.6F 
| | Air Flow 2.89gm/sec 5 
|| | Throttle Position 3.92% 5 3.92% 
i | 02 Sensor 1-1 Voltage O.76y 5 Oy 
| | 02 Sensor 1-2 Voltage 0.78 5 Ov 
| | O2 Sensor 1-3 Voltage Oy 4 Oy 
|| {02 Sensor 1-4 Voltage Ov 4 Ov 
| | O2 Sensor 1-5 Voltage Ov 4 Ov 
I | O02 Sensor 1-6 Voltage Ov 5 Oy 
|}, com4 Polling Bytes In: 1567 Out: 547 Err: 0 
; Besa 105 Events, 26 sec, 1.8 Lp/s, 4.03 Ev’s 




















Fig.14: wOBD displays a1 a range ‘of data, ‘including engine : 
RPM, ignition advance, air flow & coolant temperature. 
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False Sia ROMO BOE Inkelnnnekely 


1 PC board, code 05102101, 
105 x 56mm 

1 diecast box, 111 x 60 x 30mm 
(Jaycar HB-5062) 

1 front panel label, 90 x 55mm 

1 OBDII 16-pin connector 
(Jaycar PP-0720) 

1 DB9 male to DBY female 
extension cable (all pins wired 
straight through); OR 

1 DB9 male RS232-to-USB 
converter cable (Jaycar XC- 
4834) 

1 DB9F female right-angle PC 
mount connector 

1 DIP28 IC socket with 0.3-inch 
spacing (or cut down a 0.6- 
inch socket or use two DIP 14 
sockets end-to-end, or use 
two SIL14-pin socket strips) 

1 DIP16 IC socket 

1 DIP8 IC socket 

1 4MHz crystal (X1) 

1 rubber grommet for 6mm cable 

4 M3 x 6mm Nylon tapped spacers 


selected by clicking the Options but- 
ton (see Fig.15) —just select the correct 
COM port number and set the baud rate 
at 38,400. The COM4 setting shown in 
Fig.16 is for the virtual serial port using 
the USB connection on our computer. 
This number may be different for your 
computer. 

Either metric or imperial units for 
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4 M3 x 4mm screws 

4 M3 x 5mm countersunk 
screws 

1 600mm length of 8-core Cat-5 
cable 

4 100mm cable ties 

1 200mm length of 2.5mm 
heatshrink tubing 

16 PC stakes 


Semiconductors 

1 ELM327P microcontroller 
(28-pin slimline PDIP 
package); available from 
ELM Electronics (www. 
elmelectronics.com) (IC 1) 

1 MCP2551-I/P CAN IC (8-pin 
PDIP); available from Microchip 
(www.microchip.com) (IC2) 

1 MAX232CPE multi-channel 
RS-232 driver/receiver (IC3) 

1 7805 5V 3-terminal regulator 
(REG1) 

1 LM317T adjustable 3-terminal 
regulator (REG2) 


data should be selected, depending on 
your preference. 

A sample of some sensor data using 
ScanTool is shown in Fig.17. Data will 
not be shown unless the corresponding 
"ON" button is on. These buttons are 
toggled on or off using the mouse. If 
you receive the error message shown 
in Fig.18, the data cannot be displayed. 

To restore communication, left 
mouse click on the OK button and the 


5 BC337 NPN transistors (Q1, 
Q3,Q5,Q6,Q7) 

2 BC327 PNP transistors (Q2,Q4) 

1 1N4004 1A diode (D1) 

2 1N4148 diodes (D2,D3) 

4 3mm red LEDs (LED1-LED4) 

1 3mm high-efficiency green 
LED (LED5) 


Capacitors 

1 100uF 16V PC electrolytic 
1 10uF 16V PC electrolytic 
5 1pnF monolithic ceramic 

2 100nF monolithic ceramic 
2 560pF ceramic 

2 27pF ceramic 


Resistors (0.25W, 1%) 

1 100k 5 470Q 

2 47kQ 3 2402 

3 22k 1 12002 

5 10k 2 1002 

5 4.7kQ 1 10Q 

2 2.2kQ 3 09 links 
2 5102 0.5W 





software will close. That done, unplug 
the OBDII connection and reload the 
ScanTool software. Finally, select 
Sensor Data and plug the OBDII con- 
nector into the OBDII socket to regain 
communication. 


Other software 


As previously mentioned, software 
is also available for PalmOS and the 
Pocket PC. This is called OBD Gauge 


The unit is compact and rugged and handles all common 
OBDII protocols including CAN, ISO, KPW, PWM & VPW. 
It duplicates all the features found in commercial scan 
tools but uses a laptop computer for the display. 
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Inexpensive Alternatives 


for the Do-lt- Yourself 
Auto Mechanic 


i 


1Rtexexe| (Crore (x3 
(Cass ets) 


ScanTool. net 






Roll mouse cursor 
over menu buttons to 
see their descriptions. 


relevant button on the opening dialog. 





amen teeta snaeanaieaaetcansteaeett a 


| 
[aeset mores] 


Port Status; @ COM4 ready (device connected) 
Refresh rate: Instantaneous: 5.00Hz Average: 4.72Hz 





Absolute Throttle Position: 3.1% 




















| [on] Engine RPM: 792 r/min 
[on] Vehicle Speed: 0 kmh 
[on] Calculated Load Value: 14.9% 








Timing Advance (Cyl. #1): 8.5° f 





Intake Manifold Pressure: N/A 



































Air Flow Rate (MAF sensor): 2.70 g/s j 
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Fuel System 1 Status: closed loop 
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Fuel System 2 Status: unused 








Fig.17: this screen grab shows just some o the sensor data’ 
that cab be obtained using ScanTool v1.15. 















System Of Measurements: 
© Metric 
US 


COM Port: 


reeze: Frame |i 












. Baud Rate: if 
i Configu| o 9600 © 38400 ) 
| 1 options, © 115200 0 230400 | 
| i) Display Mode: i 
| : ® Windowed 


O Full Screen 


Fig.16: clicking the Options button lets you choose the 
COM port (COM4 selected here) and the baud rate (38400). 
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™ Inexpensive Alternatives 
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for the Do-It-Yourself | 
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Auto Mechanic 
Your device does not appear to be a genuine ElmScan 5. Due to their poor 
quality and high support costs, ELM327 clones are no longer supported \ 
Please visit www.ScanTool.net to purchase a genuine scan tool 
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over menu buttons to 
see their descriptions. 








f 


message. Refer to the text for the way around this problem. 





and can be found at: http:/Awww.qcon- 
tinuum.org/obdgauge/ 


Conclusion 


EasyObdlIl software is the best 
choice if you are connecting to the 
laptop via a USB port. That’s because 
it includes most OBDI functions 
although as previously stated, not all 
functions will necessarily be provided 
with your vehicle. 

For serial connection we liked the 
ScanTool software because of its im- 
pressive presentation. However, its 
lack of Freeze Frame data and [/M 
readiness monitoring makes it less 
attractive. Future versions of this soft- 
ware may include these features since 
the selection buttons are already there 
(but not yet operational). 

That leaves WOBD as the best op- 
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tion for serial computer interface use. 
It only lacks vehicle information and 
Freeze Frame data. Whether or not 
lack of Freeze Frame data is a concern 
depends on whether your vehicle 


An RS232-to-USB 
converter cable is 
required to connect 
the OBD-to-RS232 
Interpreter to a 
laptop computer. 
Alternatively, you 
can use a serial 
cable to connect it 
to a desktop PC. 


provides this feature. 

Another disadvantage of the wOBD 
software is that it shows some data in 
imperial units, such as °F and miles 
per hour (mph). sc 
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Agilent’s 
» UI73ZA 
» Handheld 
) Digital 








Agilent Technologies has 
just released a new addition 
to its range of affordable 
handheld test and measuring 
instruments: the U1732A 
handheld Digital LCR meter. 
Designed for testing and 
measuring almost any kind 
of passive component (L, 

C or R) quickly, easily and 
accurately — on the bench 

or in the field, it is priced 

at a level much lower than 
Agilent’s existing LCR meters. 


Review by Jim Rowe 


SILICON CHIP 
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ight from Hewlett-Packard’s 
Ree in late 1938, the com- 

pany founded by Bill Hewlett 
and Dave Packard moved into the top 
drawer of electronic test and meas- 
uring instrument design and manu- 
facture. They’ve stayed in that top 
drawer ever since, with only the name 
changing to Agilent Technologies in 
1999 when HP’s T&M division split 
off from its computer division. 

For the last 10 years they’ve been 
continuing the HP tradition of devel- 
oping high performance, top quality 
test and measuring instruments. 

But while Agilent has remained 
largely unchallenged in many ar- 
eas of the T&M instruments market, 
their ongoing emphasis on high-end 
performance and quality did tend to 
price many of their instruments into 
the ‘stratosphere’ and hence beyond 
the reach of many hobbyists and small 
businesses. 

At least, that was until a few years 
ago, when they formed a new Basic 
Instruments Division and started to 
release a range of instruments with 
more affordable price tags. 

Things moved even further in 
that direction in 2008, when Agilent 
acquired Escort Instruments Corp 
of Taiwan. Escort had designed and 
manufactured a range of low-cost TRM 
instruments and as a result, Agilent 
was able to add the expertise of its 
designers to that of its existing Basic 
Instruments design team. 

Since then, the division has been 
developing a range of innovative 
handheld instruments, which com- 
bine excellent performance with very 
attractive pricing — such as the U1250A 
series of handheld digital multimeters 
and the U1600A series of LCD oscil- 
loscopes, both of which have won 
industry awards. 

The new U1732A handheld Digital 
LCR Meter is the latest addition to the 
range. It offers many of the features of 
Agilent’s lowest-priced LCR meter to 
date, the 4263B but at a fraction of the 
price. (The base price for the U1732A 
is $406, while that of the 4263B is 
$5858.) 

Needless to say, the performance 
of the U1732A doesn’t match that of 
the 4263B but all the same it’s quite 
impressive — especially for an instru- 
ment at this price level. 

And both the features and per- 
formance are likely to be more than 
adequate for a great many production, 
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design and servicing situa- 
tions. 

For example, it provides 
either automatic or manual 
ranging for measurement of 
the primary parameters of 
inductance, capacitance and 
resistance presented on its 
main 4-1/2 digit display, plus 
automatic calculation of dis- 
sipation factor (DF), quality 
factor (Q) or phase angle 
(phi) which is presented on 
the smaller 3-digit second- 
ary display. 

It also provides a choice 
of making the measure- 
ments at any of four different 
test frequencies: 100Hz, 120Hz, 1kHz 
or 10kHz. 

Although the U1732A is normally 
powered from an internal 9V alkaline 
battery (a plug-pack mains supply is 
available as an optional extra), it has 
built-in backlighting to improve the 
visibility of the LCD display in low 
lighting levels. 

To prolong battery life the back- 
lighting is not normally ‘on’ but can 
be turned on when needed simply 
by pressing one of the nine control 
buttons. 

Another nice feature to extend bat- 
tery life is automatic switching of the 
instrument into a low-drain ‘sleep 
mode’ if it has not been used for five 
minutes since the last measurement. 
When this occurs the U1732A’s piezo 
sounder gives a short beep to advise 
you that it is ‘going to sleep’. 

It can be ‘woken up’ with its existing 
settings restored simply by pressing 
one of its control buttons. This auto 
power-down feature can be disabled 
if you wish to use the instrument for 
a longer period without any interrup- 
tions and is automatically disabled 
when it is being powered by the 
external power supply instead of the 
battery. 

Further attractive features are the 
ability to ‘calibrate’ the U1732A before 
making a measurement on any of its 
measurement ranges, to compensate 
for the effects of any test leads or 
measurement jigs connected to its 
front panel terminals —and hence give 
greater measurement accuracy. 

To enter this calibration mode you 
simply press and hold down the CAL 
button for over a second, whereupon 
the instrument indicates not only 
that it has entered CAL mode but also 
















Features: 


* 20,000 Counts reso] 










Capacitor Sorting 


* Records maxi 
readings 


ution with dual display 
phase 


mum, minimum and average 


: mods and data hold function 
connectivity with Optional IR-USB Cable 


whether you should either 

leave the test connections open circuit 
(OPn) or shorted together (Srt). When 
you follow its directions and then 
press the CAL button again briefly, it 
performs the required compensation 
and then automatically switches back 
into normal measurement mode. 


Ranges and accuracy 


When it comes to basic component 
measurement, the U1732A provides 
seven ranges for measuring resistance 
with full-scale readings ranging from 
19.999Q up to 9.999MQ. 

The basic accuracy on most of these 
ranges is 0.5% of reading + 5 Isd (least 
significant digits), rising to 1.2% + 40 
lsd on the lowest range and to 2.0% + 
8 Isd on the highest range. 

For capacitance there are another 
seven ranges, with full-scale readings 
ranging from 199.99pF to 50.0uF when 
measuring at 10kHz, or 1999.9pF to 
1.000mF (yes, millifarads!) when 
measuring at 1kHz, or 19.999nF to 
10.00mF when measuring at 100Hz 
or 120Hz. 

The basic accuracy on most of these 
ranges is 0.7% of reading + 5 lsd for 
measurements at the lower frequen- 
cies, rising to 1.5% + 5 lsd when 
measuring at 10kHz. Again these fig- 
ures all rise at the two measurement 
extremes but the specified accuracy on 
the 199.99pF range is still 3.0% + 8 Isd 
for measurements at 10kHz, while that 
on the 10.00mF range is still 3% +5 Isd 
for measurements at 100Hz or 120Hz. 

There are only six ranges for meas- 
uring inductance at 100Hz or 120Hz, 
with full-scale readings ranging from 
19.999mH to 999.9H (henries). For 
measurements at 1kHz there are again 
six ranges but this time ranging from 
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1999.91H to 99.99H (full scale read- 
ings). 

For measurements at 10kHz there 
are only four ranges, with full scale- 
readings ranging from 1999.9uH to 
999.9mH. The specified basic accuracy 
for most of these ranges is 0.7% + 
(Lx/10000)% +5 lsd for measurements 
at 100Hz, 120Hz or 1kHz, rising to 1.5% 
+ (Lx/10000)% + 10 Isd for measure- 
ments at 10kHz. As before these figures 
all rise at the measurement extremes 
but the specified accuracy for measure- 
ments on the 1999.9uH range is still 
2.0% + (Lx/10000)% + 10 Isd at 10kHz 
and on the 999.9H range it is still 1.0% 
+ (Lx/10000)% + 5 lsd for measure- 
ments at 100Hz or 120Hz. 

By the way, each U1732A comes 
with its own Certificate of Calibration, 
showing that it has been calibrated 
against an Agilent E4980A Precision 
LCR Meter — with its own calibration 
traceable to national and international 
standards. 

In addition to the basic measure- 
ments of resistance, capacitance and 
inductance, the U1732A also provides 
features to enhance its utility in pro- 
duction and lab environments. For 
example it can make measurements in 
RELative mode, where the current read- 
ing is stored as a reference value and 
then subsequent readings are displayed 
as relative values - until you press the 
REL button again, to return to normal 
measurement mode. 

There’s also a HOLD mode, where 
the current reading can be ‘frozen’ until 
you press the HOLD button again. 

Then there’s a TOLerence mode, 
which is similar to REL mode in that 
the U1732A stores the current reading 
as a reference value, then displays 
subsequent readings in terms of their 
percentage deviation from that stored 
value. 

The TOL button can be pressed re- 
peatedly to set the tolerance limits to 
+1%, +5%, +10% or +20%, to allow 
sorting and selection of components in 
a production setting. The instrument’s 
piezo beeper beeps three times to indi- 
cate when a component is outside the 
specified tolerance range or once to 
indicate when a component is within 
tolerance. 

As if these features were not enough, 
the U1732A also provides a static RE- 
Cording mode, where it stores MAXi- 
mum, MINimum and AVG (average) 
readings in memory, updating these 
figures as necessary. The beeper sounds 
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each time a new reading has been 
recorded. 

You can view these saved readings 
on the display at any time simply by 
pressing the REC button briefly, and 
you can also leave the static recording 
mode and return to normal operation 
simply by holding down the REC but- 
ton for more than a second. 

Quite an impressive list of features 
and functions for a surprisingly afford- 
able LCR meter, aren’t they? 

By the way, I checked the current 
drain of the review sample U1732A 
shown in the photo and it gave readings 
of 42mA during normal operation with- 
out backlighting enabled, increasing to 
55mA with backlighting. The current 
drain in ‘sleep’ mode was much lower, 
at only 80uA. 


Optional extras 

The basic U1732A LCR Meter comes 
with a 9V alkaline battery, a couple 
of short test leads (150mm overall) 
terminated in small insulated alligator 
clips, its certificate of calibration, a 16- 
page Quick Start Guide booklet and a 
Product Reference CD ROM containing 
a full User’s and Service Guide manual 
(as a PDF file) as well as data-logging 
software for PCs. 

However, in order to put the data log- 
ging software to use with the U1732A, 
you need to purchase one of its optional 
extras: the U5481A IR-to-USB adaptor 
cable. 

This has an IR to USB converter 
module at one end which attaches to 
the rear of the U1732A case near the 
top, and a standard USB type A plug at 
the other for connecting to your PC. The 
U5481A IR-to-USB cable costs $41.00. 

Other optional accessories for the 
U1732A include a soft carrying case 
(U1174A, $28.00), a pair of SMD com- 
ponent measuring tweezers (U1782A, 
$41.00), an AC power adaptor (U1780A, 
$48.00) anda set of additional alligator 
clip leads (U1781A, $14.00). 

It’s also possible to buy the soft carry- 
ing case and the SMD tweezers bundled 
together with the U1732A meter itself, 
for a bundled total price of $447.00. 

I should also mention that a three- 
year Agilent Calibration option is also 
available for the U1732A, to ensure 
that its calibration is kept up to date. 
But the cost of this option is more than 
three times that of the U1732A itself — 
$1491.00, no less. 

So for most of us, it would be cheaper 
to buy a brand-new (and therefore 





newly calibrated) U1732A each year. 


Trying it out 

I was lucky enough to get my hands 
on one of the first U1732A’s to become 
available in Australia. This is the unit 
shown in the photo and IJ spent a very 
interesting couple of days putting it 
through its paces. 

I was very impressed with what I 
found. The U1732A turned out to be 
quite intuitive to use and I had no 
problems in making measurements of 
a good selection of reference resistors, 
capacitors and inductors. I found my- 
self particularly appreciating the CAL 
facility too, although you do have to 
bear in mind that even if the U1732A 
is in auto-ranging mode when you 
reCALibrate, it returns to normal meas- 
urement mode in manual ranging mode 
and in whatever measurement range it 
was in before CALibration. 

Another little trick I discovered 
concerns the ‘wake up from sleep 
mode’ function. If you’re operating the 
U1732A from its battery and haven’t 
disabled the auto power-down func- 
tion, it will put itself to sleep after five 
minutes even if you are proceeding 
to check a series of components on a 
particular range and test frequency. 

Then, although the manual says that 
you can wake it up with the original 
settings simply by pressing any key, if 
you do this by pressing some of the keys 
you will actually wake it up in default 
power-up mode instead. 

In fact I found that the best key to use 
for its wake-up call was the backlight 
key in the centre of the top row — this 
always woke it up with the original 
measurement settings intact. 

Incidentally Agilent advises the 
U1732A should always be turned off 
fully with the main on-off button when 
you are putting it away, ie, it should 
not be put away in sleep mode. That’s 
presumably because even though the 
current drain in sleep mode is only 
80-odd microamps, this is still enough 
to flatten the battery if it’s left that way 
for many days or weeks. 

I was really very impressed with 
the U1732A Digital LCR Meter — so 
impressed that I’ve decided to invest 
in one myself. Need I say more? 

You can find more information 
on the U-1732A at Agilent’s website 
(www.home.agilent.com) and also on 
the website of the Agilent Australian 
distributors, Trio SmartCal: (www. 


triosmartcal.com.au). SC 


www.siliconchip.com.au 





CIRCUIT NOTEBOOK 


Interesting circuit ideas which we have checked but not built and tested. Contributions from 
readers are welcome and will be paid for at standard rates. 


Shower/egg timer uses 
red & green LEDs 


This circuit can be regarded as an 
electronic version of the 4-minute 
sandglass timers which were avail- 
able some time ago. Instead of 
transferring sand from an upper 
to a lower glass bulb, this unit has 
two arrays of eight LEDs — a vertical 
column of eight green LEDs and a 
horizontal row of eight red LEDs, all 
controlled by an LM3914 bargraph 
display chip. 

When it starts, all the green LEDs 
are lit and all the red LEDs are off. As 
it times out, the green LEDs progres- 
sively go out, starting from the top, 
and the red LEDs light up, starting 
from the left. When the last green 
LED goes out and the last red LED 
turns on, a buzzer sounds to indicate 
the end of the timing period. 

In essence, the circuit works by 
monitoring the discharge of the 
3300uF capacitor connected to pin 
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—- (TO OPTO3, Q3, LEDS & LED6) 


—- (TO OPTO4, Q4, LED7 & LED8) 


—-(TO OPTOS, Q5, LED? & LED10) 


—-(TO OPTO6, Q6, LED11 & LED12) 


—-(TO OPTO7, Q7, LED13 & LED1 4) 


5 of IC1 via a 470kQ resistor. To 
start, the capacitor is charged to the 
positive supply by pressing switch 
S1. The LM3914 operates in the 
conventional way as far as the green 
LEDs are concerned, with all LEDs 
alight when the voltage across the 
capacitor is at the maximum level. 

Each green LED is connected in 
series with the internal LED of a 
4N25 optocoupler. For example, 
LED15 is in series with the LED of 
OPTO8. Hence, when LED15 is on, 
OPTO8 is also on and this holds the 
base of Q8 low and so LED 16 is off. 
When LED15 turns off, as the 3300uF 
capacitor discharges, OPTO8 turns 
off and this allows Q8 and red LED16 
to turn on. 

This process occurs gradually 
with more green LEDs turning off 
and more red LEDs turning on until 
finally, LED1 turns off and allows 
Q1 to turn on. This lights LED2 and 
also sounds the buzzer driven from 
the collector of Q1. 





To set up the timer, first adjust 
trimpot VR3 until the voltage at pin 
4 is 0.85V. This sets the reference 
voltage for the internal resistor chain 
within IC1. That done, disconnect 
the 3300uF capacitor, the 220kQ 
resistor and trimpot VR2. 

Now connect an adjustable power 
supply to the point marked “A” and 
set the voltage to 5.64V. This sets the 
level at which the highest green LED 
will go off. Adjust trimpot VR2 until 
that same LED just comes on. Thus 
IC1 is set to indicate between 6V and 
more than 4V, because only eight of 
the possible 10 outputs are used. 

Now reconnect the capacitor, VR1, 
etc and press the button for a second 
to fully charge the capacitor. Check 
the time until the buzzer sounds. If 
necessary, adjust VR1 so that the last 
red LED comes on and the buzzer 
sounds after four minutes — or what- 
ever time you desire. 

A. J. Lowe, 

Bardon, Qld. ($45) 
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Cireult Netebhook = Continued 


*L1: 50T OF 0.8mm ENAMELLED COPPER WIRE 
WOUND ON 18 x 14x 11mm 
POWDERED IRON TOROID 


Switchmode 
LED driver 


This switchmode buck converter 
is designed to drive a 3W LED and 
has a measured efficiency of ap- 
proximately 80%. In effect, it is 
a switchmode circuit comprising 
MOSFET Q2, inductor L1 and fast 
recovery diode D3. 

The switcher is controlled by op 
amps IC1a & IC1b. These are config- 
ured as a window comparator with 
threshold voltages of 0.27V and 
0.3V. (Editor’s note: since only two 
comparators are required, an LM393 
could be used instead of the LM339 
quad comparator). 

The 0,33Q resistor in series with 
the 3W LED is used to monitor the 








D1,D2: 1N4148 


—— 


A K _ 
201 — A_ 


——— 


current and the voltage developed 
across this resistor is monitored by 
the window comparator. Its outputs 
toggle an RS flipflop comprising 
gates IC2a & IC2b which then drives 
transistor Q1 and MOSFET Q2. 

The efficiency of the circuit can 
be maximised by using the lowest 
DC input voltage consistent with 
reliability or by driving more than 
one 3W LED in series. 

With an input of 15V, three LEDs 
can be driven at about 700mA. If the 
output current is reduced to about 
250mA, by changing the 0.33Q sens- 
ing resistor to 1Q, then it should be 
possible to drive four LEDs, although 
not at full output. 

Note that the input voltage is 
limited to 15V by the absolute maxi- 


‘i 








Q 
STP16NFO6 


2 STP16NFO6 >: 


mum rating of the 4001 quad 2-input 
NOR gate. 

Before connecting an expensive 
LED, the circuit can be tested for 
maximum current by shorting the 
LED terminals. The voltage across 
the 0.33Q resistor should be close 
to 0.3V. Alternatively, check the 
current by connecting an ammeter 
in place of the LED. 

If you check the duty cycle at 
the gate of Q2, it should be close 
to 100% when the supply voltage 
just exceeds the output voltage and 
should then decrease with increased 
supply voltage. Similarly, the input 
current should decrease as the input 
voltage is increased. 

Brenton Schuz, 

Dudley, NSW. ($45) 


f------ Getty neasbcebigy 


Available Aust, only. Price: $A14.95 plus $10 p&p per order (includes GST). 
Just fill in and mail the handy order form in this issue; or fax (02) 9939 
2648; or call (02) 9939 3295 and quote your credit card number. 
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Program Listings Saliintenmuntitst.tbas 


‘SelfinterruptTest.bas 8/9/09 








low 4 ‘Discharge cap at start 
Setint %00000100,%00000100 — ‘Input 2 going plus 
OUTI b6=50 ‘500 uSec to start 






high 4 ‘Start charging cap 





OUT2 



































IC1_ _OUT3 MainProgram: ‘Just for demonstration purposes 
PICAXE18X pulsout 1,b6 '500 to 600uSec. 
OUT4 ede 
pause 1 1 millisecond 
OUT5 goto MainProgram 






OUT6 
Interrupt: 


low 4 ‘Discharge cap 
inc b6 

if b6<60 then GoOut 

b6=50 





GoOut: 
Setint %00000100,%00000100 — ‘Input 2 going plus 
high 4 
Return 























1N4148 


Self-interrupting oe: _ B cd 
PICAXE _— un 


I needed to periodically update a 
variable in a PICAXE18X program for IN2, an interrupt occurs and the 49 
and rather than use a PICAXE08 or capacitor is discharged through the 
external multivibrator, this arrange- 100Q resistor and diode D1. The few 
ment lets the 18X interruptitselfin interrupt routine then increments Lerma TI eel 
a multivibrator-like manner. The _ the b6 variable after which control 






















circuit can be switched to mode A is returned to the MainProgram. [ sipOsmION =o] OA ]COiBCSCSd 
or B, with switch S1. The test program (SelfInter- [~Timax,milliseconds | 11 | 200 | 
Note that mode Ahasamuchnar-  ruptTest.bas) is shown in the ac- [~~ vri,kilohms | 25 | 1000 | 
rower frequency range thanmodeB companying panel andcanalsobe [  Vi,vols | 08 | 05 | 
which switches in emitter-follower downloaded from the SILICON CHIP [  V2,vols =| 1.2) | 1.2 
Qu. website. 
After initial discharge, the 1pF Bill Humphrey, | _YR1,kilohms | 
capacitor starts charging and when Kohimarama, 1 


its voltage reaches the threshold Auckland, NZ ($30) 




















Trailer 


wiring tester 
Those who were interested in 
the Trailer Lights Test Circuit in the 
December 2009 issue may also be 
interested in this somewhat simpler * 
approach which only tests the trailer 
wiring and not the socket on the a 
towing vehicle. BATTERY 
As can be seen, it uses a common CHARGER 
feed from a 12V SLA battery and a 


D1 6A10 


$6 _ RH TURN INDICATOR 
ees 











pushbutton for each lighting circuit 
to be tested. Testing is straightfor- = 
ward: just press a button and the ap- 6A10 TRAINER 
propriate trailer lamp should light. | | — CONNECTOR 
Naturally, the switch ratings a ‘ 
should be sufficient to cope withthe | D1 would only be necessary if ex- | nently damaged if discharged below 
lamp currents, including the initial | tended testing of the trailer lights is | 11V (for a 12V battery). 
switch-on surge. likely to unduly discharge the SLA Peter Boyle, 
The charger connection via diode battery. SLA batteries can be perma- Edithvale, Vic. ($30) 
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UTHIUM <= 


BATTERY 


12 x 5mm 
WHITE LEDS 
















2SD1802 (D-PAK) LEDS 
*L1: 100T OF 0.5mm DIAM ENAMELLED C (TAB) 
COPPER WIRE ON 15 x 8 x 6.5mm D2,D3: 1N4148 1N5819 5 Z 
POWDERED IRON TOROID —=- 2 a— a pe A 
E 





Lithium-ion powered 
reading light 

This reading light uses an array of 
12 white LEDs in two series strings of 
six. Driving six white LEDs in series 
requires a voltage in excess of 21V 
and this is provided by an MC34063 
switchmode IC which drives tran- 
sistor Q1 (the latter is necessary to 
cope with the total LED current). The 
suggested transistor is a 2SD1802, a 
surface-mount device soldered to a 
piece of copper sheet measuring 10 


As you can see, we pay good 
money for each of the “Circuit 
Notebook” items published in SILI- 
CON CHIP. But there are four more 
reasons to send in your circuit idea. 
Each month, the best contribution 
published will entitle the author 
to choose the prize: an LCR40 
LCR meter, a DCA55 Semicon- 
ductor Component Analyser, an 
ESR60 Equivalent Series Resistance 
Analyser or an SCR100 Thyristor & 
Triac Analyser, with the compliments 
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x 40mm. If this proves difficult to 
obtain, use a TIP31 instead. 

The switching inductor is wound 
on a powdered-iron core (Jaycar 
LO-1242) with 100 turns of 0.5mm- 
diameter enamelled copper wire. 

The MC34063 is used in constant 
current mode and provided the bat- 
tery voltage is more than 2.5V, it 
will maintain 1.25V at its pin 5 and 
across the 68 resistor in series with 
one of the LED strings. This results 
in a current of 18mA through both 
LED strings. 











atias ent 


of Peak Electronic Design Ltd — see 
www.peakelec.co.uk 
So now you have even more reasons 





1C2, an LM311 comparator, is used 
as a low-battery monitor. When the 
battery voltage drops below 3V, the 
red LED (LED13) is turned on to 
indicate that charging is required. 

Charging can be performed using 
a DC supply of no more than 4.2V 
(absolute maximum). This should 
be monitored via an ammeter. When 
the current drops to a low value, stop 
the charge. Charging a 18650 2.2Ah 
lithium cell takes about two hours. 

John Russell, 

Bangkok, Thailand. ($50) 
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PICAXE-controlled 


watering system 


This project was developed after 
the loss of several fruit trees during 
the Melbourne summer of 2008. The 
idea was to automatically water each 
tree several times over a 24-hour 
period using tank water, as economi- 
cally as possible. 

The circuit is powered by a solar 
panel and sealed lead-acid (SLA) 
battery. The solar panel charges the 
battery via a Darlington transistor 
pair (Q1 & Q2) which is under the 
control of a PICAXE08M (IC1). 

The battery voltage is monitored 
via the P2 input (pin 5) which has 
an analog-to-digital converter (ADC). 
As the battery voltage rises to ap- 
proximately 14V, P2 reaches its set 
ADC value and the PO output (pin 
7) goes high to switch on transistor 
Q3 and thereby switch off the Dar- 
lington pair (Q1 & Q2). 

The charge current is controlled to 
protect the solar cell by monitoring 
the voltage across the 2.2Q resistor 
in series with the negative side of the 
panel. If the charge current rises to 
about 300mA, the voltage across the 
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2.2Q resistor will rise to 0.7V and 
this will turn on PNP transistor Q4. 
This pulls down the base of Q1 via 
diode D2, thereby reducing Q1’s base 
current and limiting the charge cur- 
rent to the chosen value of 300mA. 


Prime switch 


S1 is the prime switch, to allow 
the pump to be primed in readiness 
for use. With my installation, a prime 
period of 60 seconds works well. An 
interrupt was used to allow a prime 
at any time and not interfere with 
the programmed cycle. Switch S1 
pulls the P4 input (pin 3) low and 
this causes the P1 output (pin 6) to 
go high, turning on transistor Q5 
and the relay. 

When the relay is on, the PICAXE- 
08m does not monitor the battery 
voltage. To guard against the possi- 
bility of the voltage rising too high on 
a sunny day, the charger involving 
Q1 & Q2 is switched off via Q3 for 
the period of the relay cycle. 

The relay switches two 12V 
boat bilge pumps that service two 
separate water distribution circuits. 
They are readily available, draw 
only a couple of amps of current 
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and are capable of 

pumping 500GPH 

or 2200l/hr. Both 

pumps are housed 

in a 220-litre barrel 

and the water is dis- 

tributed via half-inch 

poly pipe, small couplings and 
tubes to the plants. 

To prevent siphoning, the sim- 
plest way is to put a small hole in the 
poly pipe above the maximum water 
line inside the barrel. The pumps 
work so well that there is no obvious 
loss in pressure or efficiency. The 
bonus of doing it that way is that you 
can see that the pumps are working. 

Some experimenting is required to 
adjust the timing to set the number of 
cycles per day and the length of each 
watering cycle to suit your particular 
garden. In my installation, I adjusted 
the watering cycle and period to 
deliver between 1.2-1.5 litres per 
plant per day. This program provides 
water to 20 plants. 

Paul Walsh, 

Montmorency, Vic. 

Note: the software for the PICAXE 
(plantwater.bas) can be downloaded 
from the SILICON CHIP website. 





FEBRUARY 2010 43 





SERVICEMAN'S LOG 


Modem rage - it’s not a pretty sight 





Modem rage, like road rage, is an ugly sight. 
So how does a normally urbane, cheerful, 
mild-mannered individual completely lose it 
over such a simple piece of technology? All 
too easily, as it turns out. 


I have a friend who I’ve known for 
over 30 years now. He is kind to his 
dog, loves his wife and kids, is consid- 
erate to his neighbours and is not at all 
the type to get involved in road rage. 

But modem rage .. . well that’s an 
entirely different matter. 

It all started some six months ago 
when he decided to subscribe to an 
ADSL2+ service via a well-known ISP. 
The transaction went smoothly and 
the modem was delivered to his home 
the very next day. All he had to do 
to achieve internet nirvana was plug 
it in and go through the step-by-step 
setting-up procedure. 

Well, he did that but it stubbornly 
refused to work, despite his repeated 
and increasingly vocal attempts to 
coax it to do so. Eventually, after a 
couple of hours of futile effort, he was 
forced to admit defeat and seek help 
from the ISP’s tech-support line. 

The tech-support guy was very help- 
ful and patiently went through the 
modem’s settings with him. He got him 
to change a couple of the settings and 
then, all of a sudden, it started work- 
ing. Hallelujah! Oh joy unrestrained. 

Unfortunately, my friend’s joy was 
to be short-lived because it stopped 
working again a short time later. Feel- 
ing somewhat exasperated at this, he 
spent another hour or so on it and 
then rang me to see if could help. We 
went through his modem settings once 
more but as far as I was concerned, 
everything was correct. 

I then asked him whether the ADSL 
LED on the front of the modem was 
lit. After all, there’s no way it would 
work if it wasn’t acquiring the ADSL 
line correctly. His response to this was 
a bit vague but I got the impression 
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that sometimes the ADSL LED was on 
while at other times it was flashing. 

I wasn’t familiar with his particular 
modem but the flashing ADSL LED 
didn’t sound right to me, so I advised 
him to try changing the telephone 
cable. If the cable he was using had 
an intermittent connection, then that 
would account for his problems. 

I left him to it while he did the swap 
and he rang back a few minutes later 
to say that my diagnosis was spot on. 
Swapping the cable had indeed fixed 
the problem but then, to his consider- 
able frustration, it stopped working 
again while we were talking. 

His next step was to call his ISP 
again, to see if they could offer further 
advice. They eventually transferred 
him to the modem’s manufacturer in 
the US and a very helpful technician 
again went through all the modem’s 
settings with him once more. They 
changed a couple of minor settings 
and lo and behold, it suddenly started 
working again. 

Well, it worked until just after the 
phone call ended. It then packed it in 
yet again and my friend, by now feeling 
thoroughly hot under the collar (well, 
frothing at the mouth, actually), rang 
his ISP. It wasn’t a pleasant conversa- 
tion. As far as he was concerned, the 
modem was faulty and he wanted a 
replacement yesterday and he told 
them so in no uncertain terms. 

They promised a new one as soon 
as it could be organised. 

At that stage, the weekend inter- 
vened but my friend was desperate to 
get his Internet connection working. 
His daughter urgently needed access 
to download some university work and 
he was being harassed by both her and 
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his wife to come up with a solution. 

And so the harassed one sought my 
assistance once more. Could I drop by 
on Saturday afternoon and take a look 
at that !@#$% modem please? 

Well, I dropped by and the first 
thing we did was quickly go through 
his settings once more. These were all 
OK and I then noticed that the ADSL 
LED on the modem was flashing, as 
though it was trying to acquire the 
line. I reached around the back of the 
modem and wriggled the telephone 
cable and it briefly came good, so it 
seemed like an intermittent contact 
problem. 

But something wasn’t quite right — 
the plug seemed loose so I gave it a 
push and there was an audible click 
as it slid all the way into the socket. 
The ADSL LED then quickly came on 
as the modem acquired the line and 
we had full Internet access. 

And that’s all it was — my friend 
simply hadn’t pushed the telephone 
cable plug all the way home into the 
modem’s socket until the retaining 
clip clicked into place. Instead, it was 
almost there, the matching connectors 
occasionally making good enough 
contact for it to work for brief periods. 

Just think — all that frustration, all 
that modem rage, all those wasted 
phone calls, all that wasted time and 
all those intemperate, naughty words 
in front of his wife over such a simple 
thing. 

I must say that he took it all rather 
well and in very good humour, if a 
little sheepishly. Apparently, his wife 
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~ APPARENTLY, HIS WIFE STILL MENTIONS IT 
WHEN SHE WANTS TO MAKE A PARTICULAR POINT 


still mentions it occasionally when 
she wants to make a particular point. 

My next story again comes from my 
mate in the car repair business. He’s 
got some interesting facts on ECU 
failures in cars and I'll let him tell it 
in his own words... 


ECU failures 

In our business, we see lots of 
ECU failures in modern cars (ECU 
= Electronic Control Unit or Engine 
Control Unit). Of course, these failures 
are very small in overall percentage 
terms because statistically, modern 
cars are much more reliable than cars 
of decades past. However, because 
of the sheer number of cars on the 
road, the number of faulty ECUs we 
encounter is quite high, especially for 
asmallish 4-man suburban automotive 
workshop. 

The question I often ask is what is 
the most common cause of these fail- 
ures. Are the ECUs of poor quality? 
With a few exceptions, the answer is 
a resounding “no”. Are many failures 
due to human intervention? Again 
with a few exceptions, no. Are the 
systems, as a whole, of poor design? 
In my opinion, the answer to this, in 
some Cases, is “yes!” 
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To explain, we often hear of automo- 
tive ECUs being “spiked” or destroyed 
due to a voltage spike caused by jump- 
starting or the like. However, I seldom 
believe this. I’m going out on a limb 
here but after nearly four decades in 
the auto industry, I’ve only seen a 
small number of ECUs that have been 
damaged in this fashion. 

By “small number” I mean less than 
the number of fingers one has on both 
hands. And even then, in nearly all 
those cases, the probable cause was 
that of reverse polarity, not a voltage 
spike as such. The number of spike- 
damaged ECUs is so small as to almost 
put them into the category of an urban 
myth. 

What about the general build quality 
of the ECUs themselves? I’m going out 
on another limb here but nowadays, 
virtually all manufacturers’ ECUs are 
of the same excellent quality inter- 
nally. This includes anything from a 
$13,000 drive-away Kia to a top-shelf 
$450,000 Mercedes Benz (puts on flak 
jacket and runs away). 

However, in years gone by, certain 
manufacturers produced ECUs that 
were not as good as they could have 
been. Many units suffered from poor 
soldering, leading to chronic dry joint 






















faults, while several others utilised 
components that were “below par”. 
The most common offenders in this 
area were sub-standard or inadequate- 
ly-rated electrolytic capacitors which, 
after just a few years from new, pro- 
ceeded to leak their innards all over 
the PC board. 
By and large, most automotive 
ECU failures are caused by the fail- 
ure of another component in the EFI 
system, eg, short circuits in ignition 
coils, idle control motors and wiring 
harnesses. Some European cars are 
fitted with “environmentally-friendly” 
“biodegradable” wiring insula- 
tion. Unfortunately though, it 
prematurely degrades while in 
use, causing much grief many 
years later when some of the 
now-bare copper conductors 
come into contact with each 
other. 

In such cases, the cost of 
repairing the ECU pales into 
insignificance when com- 
pared to the cost of replacing 

the entire engine wiring harness 
(using genuine parts). Add in the 
replacement of any faulty ignition 
devices along the way and the cost of 
many hours labour and it can be quite 
an expensive exercise. 

One recent Japanese model has an 
annoying habit of allowing the engine 
coolant to leak into the idle control 
stepper motor when things go wrong. 
Combining a boiling water/glycol 
mix with fine insulated copper-wire 
windings never leads to a happy end- 
ing. Either the idle motor itself or the 
transistor drivers inside the ECU can 
fail or, more commonly, both can fail. 
Again none of this is inexpensive to 
owners accustomed to a $200-300 fee 
for a standard car service. 

A common belief among the motor- 
ing public is that certain Japanese cars 
are “far” more reliable than other cars. 
This stems from the fact that Japanese 
products developed from being seen 
as cheap and nasty in the 1960s to be- 
ing virtually world leaders in quality 
by the 1990s. Since then, economic 
realities have intervened and many 
Japanese automakers now source their 
ECUs from factories in countries other 
than Japan. Most are of good quality 
but a few are not so good. 

So that’s the story on ECU failures 
— they’re mostly caused by the failure 
of other parts in the system. 

The next story comes from G. K. of 
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THE DUTCH GENTLEMAN WAS 
THOROUGHLY TAKEN ABAC Koes 


Birkdale in Qld. You never know what 
you might find when you go fishing 
for cables in wall cavities. Here’s how 
he tells it... 


How embarrassing 

This story is rather embarrassing 
but true. 

I was called out to install an antenna 
system in a house by the new owners. 
A quick glance at the chimney on ar- 
rival revealed an old 300-ohm ribbon 
cable dangling from under the tiles, 
so this could most likely be used to 
pull the new coax I needed to install 
up the wall. It was a good start, or so 
I thought! 

I knocked on the door and intro- 
duced myself and the owner, an eld- 


erly Dutch man, led me into the lounge 
room to the TV. Yippee! — there was 
a 30mm hole on the skirting board at 
the bottom of the internal feature brick 
wall where a socket had been. This was 
going to be a piece of cake! 

I whipped out my trusty coat hanger 
with “calibrated” hook and inserted it 
in the hole to see if I could snare the 
ribbon cable but no luck. I eventually 
gave up on this approach and decided 
to try my luck at the other end. As a 
result, Iretrieved my step ladder from 
the van and got up into the ceiling. 
My plan was to drop my string line 
and sinker down the wall cavity to 
the hole below. 

The ribbon cable entered the wall 
cavity in the expected position, so it 
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was puzzling that I was unable to hook 
it from below. Anyway, I dropped my 
string line down the cavity, then re- 
peated my search with the coat hanger 
at floor level again. 

This time, I was searching for the 
string line but there was nothing, much 
to my growing frustration. I pushed 
the coat hanger in further, twisting it 
about as I did so and this time when 
I pulled it out I had some plastic at- 
tached to the hook! 

Was it from the damp course? I 
didn’t know so having removed it I 
pushed the hook back in again only 
to find... you guessed it... more 
plastic. I then repeated this procedure 
for some 15 minutes, the pile of plastic 
growing all the time. 

Not wanting to give up, I then 
bent the coat hanger and went in at 
a slightly different angle. And lo and 
behold, this time I was sure I had 
hooked something different because 
it was difficult to withdraw. Could it 
be the ribbon and string line twisted 
together? I persevered and it was 
something different alright because 
I eventually dragged a dainty pair of 
women’s knickers through the hole! 

The Dutch gentleman, who had been 
keenly observing the whole process, 
was thoroughly taken aback at the 
arrival of a pair of knickers through 
the wall of his house. He called to his 
wife: “Look at dis Lurf. De Teefee man 
has found a pair orf women’s knickers 
in der wall”. 

“Dey are mine”, she explained. 

“Come orf it... how duz a pair orf 
your knickers get into der wall?” 

“Dey weren’t in der wall Effie. Dey 
were in der bedroom wardrobe!” 

Oh yes, you have days like this! A 
quick check in the bedroom on the 
other side of the wall revealed the 
wardrobe, along with the original 300- 
ohm ribbon cable stapled to the frame- 
work and my string line down the rear 
corner. And at floor level, there they 
were — mutilated plastic supermarket 
bags of the lady’s knickers! 

As Effie would say “ How embar- 
rassment!”. 

In hindsight, the fact that it was a 
feature brick wall should have been 
my Clue. It is single brick and leads 
straight into the wardrobe, with access 
to the ceiling and then to the chimney 
mount and antenna. 

Oh well, we live and learn. I was a 
bit stressed at the time but can look 
back on it now and laugh. Thank good- 
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ness I was self-employed at the time and didn’t have 
a boss to kick my backside for all the wasted time I 
couldn’t charge for. 

OK, so what happens when birds of a feather flock 
together? This next story from R. R., West Heidelberg, 
Victoria, has the answer... 


Birds of a feather 


As part of the Australian airways guidance system, 
there has been for over 50 years a “non-directional 
beacon” (NDB) — or homing beacon (homer) — at Won- 
thaggi, about 100km south of Melbourne. 

Back in the 1950s, when it was first installed, it used 
to routinely exhibit a mysterious “fault”. This fault 
caused it to automatically switch to duplicate standby 
equipment and signal the change by adding a ’pip” to 
the Morse identification, which was routinely moni- 
tored by the “Aeradio” operators at Melbourne airport. 

On each occasion, an Aeradio technician would be 
dispatched to Wonthaggi, only to find that everything 
was working faultlessly on both the main and standby 
equipment. And with everything seemingly working 
correctly, there was nothing they could do to locate 
the fault and fix the problem. 

The fault proved to occur nearly always just after 
sunrise and after a few weeks it became clear that the 
only way to find it was for a technician to stay over- 
night in Wonthaggi. He could then get out to the NDB 
just before sunrise, hook up an RF output meter and 
watch what happened. 

The result was rather unexpected. As dawn ap- 
proached, he suddenly heard lots of “squawking” out- 
side and this was accompanied by an equally sudden 
large fall in the RF output reading on the meter. He 
immediately rushed outside and observed hundreds 
of starlings sitting on the antenna. 

NDBS work in the LF band (200-400kHz) and require 
a vertical radiator. In this case, the vertical radiator was 
21 metres long and was tuned using three horizontal 
wires, each about one metre apart and 70 metres long 
and connected to the top. Thus any change in the ca- 
pacitance of the top (in this case due to the birds) had 
a very sensitive effect on the tuning, leading to a large 
loss in RF output from the transmitter. 

After their early get together, the birds quickly dis- 
persed for the day and the system came good. 

Scarecrows, noise scaring techniques, wire greasing 
and various other methods were all either tried or re- 
jected as impractical and the solution had to wait until 
the availability of a robust automatic tuning system 
quite some time later. 

Finally, this last story is from N. V., Sydney, NSW. 


Not the best design 


I recently bought a UHF remote-controlled power 
point for my parents after using the same model myself 
for over a year. Their new desk lamp (a converted heat 
lamp) certainly is stylish but the lack ofa power switch 
on it is an inconvenience. A $20 remote-controlled 
power point seemed like an elegant solution. 

So I installed the small 12V battery in the transmit- 
ter unit and then plugged the switch unit into mains. 
All appeared to work well — pressing the buttons on 
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the remote turned the lamp on and off 
as expected. However, I noticed a few 
minutes later that the red transmit light 
on the remote control was flickering 
even when no buttons were pressed. 

It hadn’t done that immediately, 
though. The LED was off immediately 
after I had installed the battery but it 
then slowly became brighter over time. 
Eventually, the lamp switched itself 
on even though nobody had touched 
the remote. I checked that none of 
the buttons were stuck down but they 
seemed fine. 

It was clearly time to open it up. 
Luckily, after removing two screws, 
the plastic case unsnaps easily. Inside I 
found eight tactile buttons, a switch, a 
veritable forest of 1N4148 small signal 
diodes, an LX2262A-R4 UHF encoder 
IC, a PNP transistor, a handful of resis- 
tors and ceramic capacitors, the red 
LED and a metal can type device. The 
latter apparently contains some kind 
of tuning coil, as it’s attached to the 
IC’s RF output pin. 

It’s hard to find data on the LX2262A- 
R4 but I had a hunch that the PT2262 
is a compatible chip and the pin-outs 
corresponded with the unit on the 
PC board. Interestingly, the sample 
schematics in the PT2262 data sheet 
show fewer diodes to achieve roughly 
the same functionality and I wondered 
why the designers of this device came 
up with amore complex configuration. 

Tracing the circuit revealed the 












device’s operation. The PNP transis- 
tor acts as a power switch. There is a 
base/emitter resistor which keeps it 
off normally and another resistor from 
the base to the button network. When 
you press a button, the button sinks 
current from the base via a network 
of 1N4148s, turning it on and thus 
powering the IC. 

In addition, each button is con- 
nected via another network of diodes 
to the data and address pins of the IC, 
which have pull-up resistors attached. 
So the default state of each input is 
high when power is applied but if 
you press a button, the corresponding 
input is pulled low. Thus the buttons 
control both the power supply and the 
voltages on the data and address lines. 

Measuring the base-emitter and 
collector-emitter voltages of the PNP 
transistor showed that it was switched 
on constantly. So that was the reason 
for the flickering LED and the spurious 
transmissions. 

I suspected that one of the but- 
tons had dirty contacts, causing it to 
conduct enough current to turn the 
transistor on. As a result, I started de- 
soldering the 1N4148s in an attempt 
to discover which one was at fault. 
Eventually, I found that removing 
certain diodes “fixed” the problem 
and by using a process of elimination, 
I was able to eventually trace the cur- 
rent sink to pin 2 of the transmitter IC. 
This is the A1 address input. 

So it was the IC itself that was sink- 
ing the current and having discovered 
that, the problem became obvious. 

Pressing certain buttons pulls pin 
2 low, clearing bit 1 in the address 
being broadcast. But because of the 
dual purpose of those buttons, when 
you are not pressing any of them, cur- 
rent can flow from the base of the PNP 
transistor through to this input 

pin on the IC. Normally, this 
sort of event is prevented by 
the 1N4148 diode network 
but unlike the other address 
lines, pin 2 just happens to 
have a direct path back 
to the transistor’s base. 
So 12V is being 
applied to this input 
when the IC has no sup- 





the acceptable voltage on any input pin 
is roughly between ground and Vcc. If 
you apply voltages outside this range, 
unless the IC is specifically designed to 
handle it, strange things can happen. 

Presumably the IC inputs don’t have 
clamping diodes or else this circuit 
would never have worked. I suspect 
that due to sample-to-sample varia- 
tion, some ICs will tolerate this voltage 
with no ill effect but others will suffer 
from input transistor degradation and 
they will start sinking current. This 
explains why the remote was fine at 
first but became problematic after a 
few minutes. 

The flickering evidently occurs be- 
cause once the transistor turns on, Vcc 
rises to normal levels and presumably 
the leakage current into that pin drops 
off, allowing the transistor to switch 
back off again. This essentially forms 
an oscillator. 

The solution was simple. I did what 
the manufacturer should have done 
in the first place and replaced the 
wire link joining pin 2 of the IC to the 
button/diode network with another 
1N4148 diode. This means that when 
you press a button it’s still able to sink 
the pull-up current and set the input 
correctly but no current can flow the 
other way, into the IC’s input from the 
transistor. 

And that fixed it. After reassembling 
the device and reinstalling the battery, 
it worked fine and the LED ceased 
flickering. I get the feeling somebody 
decided to save a fraction of a cent per 
unit by replacing a diode with a wire 
link. It probably worked on a proto- 
type so they figured it was a harmless 
change. Well, the replacement compo- 
nent wasn’t very expensive but I can’t 
say the same about the time it took me 
to figure it out. 

And those sample schematics I men- 
tioned from the PT2262 data sheet? 
They suggest you skip the transistor 
altogether and just use the buttons 
to form a path between the battery 
and the IC’s power supply. A voltage 
divider connected to each button is 
used to drive the inputs and there is 
one diode per button to isolate these 
two functions. 

Such a scheme avoids the problem 
I encountered since the input pins 
are pulled to ground by default. Ar- 
guably, by adding the transistor, you 
can extend the battery life slightly but 


“HUNDREDS OF STARLINGS 
SITING ON THE ANTENNA... 


I don’t think the additional complexity 
is worth it. sc 


ply rail Vcc. The data sheet is 
rather thin on details but normally 
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memory card without the need for PC connection 


f all your pho slides 
a handy memory card 


e Crisp 2.4" LCD 
@ SD, XD, MMC, 
e Windows X 


© Power via | 


preview panel 

MS, MS-Pro memory card slot 
and Vista compatible (32 or 64 
USB connection 

our website for technical specs 


NEW VIC SY a 


Cat: XC-4893 y 
bit) 


© See ( 





oa 


INDUSTRIAL res) 
USB KEYBOARD 

Justproof and waterproof to IP68, so should it 
ever get dirty simply wipe c i with a damp 
sponge. Perfect for indust al, food & beverage, 
| laboratories, garages and even outdoor use. It 
also comes with a silicon /e for added 
protection. anti-bacterial rubber construction 


ay 








WERRIBEE 
Cnr Synnot & Wedge St 
VIC 3030 
Ph: (03) 9741 8951 


e Full-sized QWERTY layout 

¢ USB connectivity 

e Windows 2000/KPista 

© Measures 440(L) x 138(W) x 12(H 





H)mm 





This kit intercepts and _ by signal from engine sensors that supply a 
voltage signal to the engine control unit (ECU). Restore correct 

air/fuel ratios after engine mc calc ations, { igine boost 

cuts; or alter sensor signals for improved di ty. Requires 

hand controller for progré amming RS232 cable and a suitable 

input signal. Kit includes PCB, case and electronic components 


The ultimate in discrete ’ ‘ 

portable photo & on recording from business meetings to outdoor sports 
activities. A 2GB Micro SD can support up to 8GB of memory. Includes case 
lanyard, two be brackets, software, USB & mains plugpack 


© 2 megapixel camera 

¢ High speed recording and fast response 

© Low light recor ee 

© 30fps for 640 x 480 video output 

¢ Manual and <i a home recording functions 
© Supports AVI & JPEG formats 

e Rechargeable Li battery lasts for 2 hours of n 
@ Measures 55(H) x 20(W) x 28(D)mm 





on-stop recording 


Photo software and USB connection 








\ 
\ 


\ 
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MAITLAND 


Harold Gregson 
Reserve 


175 High St 
NSW 2320 


> 60 CAR 
>, SPA CES 


oF pr“ 


< 
< 
& 


Ph: 1800 022 888 


Our new Digitech handheld micro 

inspection camera allows you to perform a detailed visual inspection in edt 
reach areas. Its pistol grip design & detachable 2.4GHz monitor 

make it easy to locate and diagnose the unreachable 


Camera 
e |mage sensor: CMOS 
$ 39” 
Cat: QC- 
ann SUMMER CAR 5) 
AUDIO SPECIALS 


° = ion: 704 x 576 pixels 

Monito 
For a limited time only, save on our Response 
Precision speaker baie Hurry in while stocks last! 


LCD aie Type 
9 W. 


© Effective pixels: 4 
5 Cat CS-2372 Was $00 NOW $49 Save so 
6.5" Cat. CS-2374 Was $119 NOW $59 Save $60 
6° SOWRMS Cat, CS-2327 

6.5" BOWRMS Cat. CS-2 


2.5" TFT-LCD 
0 x 240 





OVER 
50% OFF 


6x9" Cat. CS-2378 Was $149 NOW $69 Save $80 


Was $159 NOW $69 Save $90 
329 Was $169 NOW $79 Save $90 


7X 


wi! Nw 


10" Cat. CS-2352 Was $219 NOW $109 Save $110 @ 
a 


i 
a! 12" Cat. CS-2354 Was $249 NOW $119 Save $130 “Mg 








A colour zoom CMOS video 

camera that is mounted in a microscope e style housing. The system connects to 

} your computer via the USB port and microscope images are viewed on your computer 

| screen as either a snapshot or a video stream. Both can be saved for later viewing. 

| The system has its own LED illuminators so there is always plenty of light for 
viewing. Accessories include specimen slides, eye dropper & tweezers. 


{ 
| 
| 
| 
| 
| 
| 


e Up to 640 x 480 image resolution 
e Maximum magnification 60X 
e Size: 100(L) x 38(Dia)ymm 
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PRO Piezo 


Pr 

GAS SOLDERING TOOL KIT 
This kit contains a 
Portasol Pro Piezo Gas 
Soldering Iron, and all 
of the following parts, 
© Quality storage case 
Cleaning sponge 


and all of the following 
© Quality storage case 
® Cleaning sponge and tray 





Bee iron weighs just 45g which makes it 
and tray 2.4mm double flat tip Ra ideal for comfortable long term use. 
* 2.4mm double (TS-1322) —s — @| 
flat tip (TS-1312) ¢ 4.8mm double flat tip ‘A ea} a4 e Temp. Range 200 - 480°C 
© Hot air blow (TS-1314) (TS-1323) © Power consumption GOW eee 
© Hot knife tip (S-1315) CGIO7 WP FHOO| — tiotairdiow s-1324) QS20 3 BO) | * Operating voltage 240VAC 
© Hot air deflector Cat: TS-1318 © Hot knife tip (TS-1325) 139 © Control unit 140mm long 
¢ Flame tip (TS-1316) Was $129.00 ¢ Hot air deflector Was $159.00 Cat: TS-1328 Was $109.00 


POCKET WIRE STRIPPER 
Strips anything from 2G to RG6 coax, 


Easy to use and small enough to ad 3°74 95 
j= 7 Cat: TH-1817 
we @ 








take anywhere on the job. 
aw 


¢ 120mm long 


ESD SAFE SIDECUTTERS 
Specifically for ESD work. High quality Japanese 
designed, Italian manufactured cutters 

especially for static-sensitive 329 95 
applications, 135mm long. cette 


NON:*CONTACT VOLTAGE TESTER 
Combining two instruments: a non-contact AC voltage detector and IR 
thermometer. It provides easy and safe testing of mains voltages and heating 


systems. Essential tool for tradesmen 
© Be, 


© Detects AC voltage up to 
1000V with LED indicator “ 





e Precise non-contact temperature measurement VS 
¢ Automatic range selection Resolution 0.1°C (0.1°F) : 
© Celsius or Fahrenheit S$ 95 
¢ Automatic power-off $20 39 
¢ Dimensions: 155(L) x 24(Dia)mm Was $59.95 Cat: QP-2269 








PRO SOUND LEVEL 
METER WITH CALIBRATOR 
Suitable where accuracy, repeatability and validation is 
required. Ideal for vehicle noise testing, race 
scrutineering, traffic noise, aircraft noise or any 
evidence-based noise testing. Conforms to IEC 
61672-1 Class 2 for sound level meters 
Features: Specifications: 

¢ Backlit LCD Accuracy: +1.4dB 








Suitable for lab, development and serious testing applications, this powerful 

| meter has enough features to make it a legitimate replacement for a bench 
multimeter. The 50,000 count display gives four decimal place accuracy and 
the internal memory can store and retrieve up to 10 readings. If you need 
more storage than that, the RS-232 cable allows you to 













Ave/RMS: True RMS 
Dimensions (with holster): 
216(H) x 104(W) x 58(D)mm Was $349.00 


| store and log measurements on a PC with the packaged © Display: 4000 count 

software. If you're looking for a DMM with data storage © Category: Cat Il 600V 

and logging capability, this meter offers value for money. 579 95 e Autoranging 

Ely, ¢ Data hold 

© Display: 50,000 count are. Cat M86} | © Relative measurement 

© Category: Cat Ill 6OOV a Z © Continuity test pe unction 

¢ Basic DCV accuracy: 0.050% “"** * Auto power-off Kies. | © Auto power-off S$ 3495 

© Carrying case and holster included © SMT probes ‘a "| © Holster included 

 RS-232 cable and software included ¢ Display: 6000 count a my | © 10AAC&DC Cat: QM-1535 ia 
| © Windows NT and XP compatible © Security class: CAT Ill 6OOV “Gae © Dimensions: 150(H) x 

e 

e 





¢ Dimensions: 


All savings are. based .on original recommended retail prices. 
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SUPER PRO 


AS SOLDERING TOOL KIT 
Features 90 minute run time, 10 second fill, maximum 
1300°C temperature and 40 second heat up. 

The kit contains a Portasol Super Pro Gas Soldering Iron, 


LJ 
\ 


Analogue outputs Frequency range: EI 
© Min/Max measurement 31,5Hz - 8kHz % Y 2 x red and 1 each of blue, yellow 324 95 wf 
© A&C weighting Dimensions: 278(L) x # fe and green leads - 7 in all. 
© Calibrator included 76(W) x 50(D)mm ato Cat: WT-5326 
PROTEK 608 TRUE RMS AUTORANGING AUTORANGING DMM 
DMM witH PC INTERFACE SMT DMM An accurate and easy-to-use autoranging DMM. Just select 


Specifically designed for SMT work with 
interchangeable probes and tweezer probes. 


e Basic DC accuracy: 1.5% 






SOW TEMPERATURE 
CONTROLLED SOLDERING 
STATION 

An effective yet simple soldering 

Station that features a ceramic 

heating element to provide precise 

temperature control. The soldering 


$30 
b 





MINI NON-GONTACT IR IP6'7 THERMOMETER 
Ultra compact, non-contact thermometer. IPG7 rated so is ideal for 
industrial and lab applications. LCD readout gives temperature 
in Celsius or Fahrenheit. Batteries and lanyard included, 


e Measurement range: -33 - 110°C (-27 - 230°F) 
e Accuracy: +2,.5°C 

e Response time: 1 second 

e Size: 82(L) x 17(Dia) 


39% 


Cat: QM-7218 


TOOOV: 7 PIECE SCREWDRIVER SET 
High quality, bright red drivers you can find easily. Insulated right to the tip and rated to 1000V. 


© Drive sizes: Flat: 1.2x6.5x150mm, 1x5.5x125mm, 
0.8x4x100mm, 0.6x3.5x75mm 


© Phillips: #2 x 100mm, 
$24 95 
Cat: TD-2022 te 


#1 x 80mm, #0 x 60mm. 

e Includes storage box. 
TEMPERATURE/HUMIDITY 

DATALOGGER 


A must for anyone involved with food preparation, archiving or storage. 

These USB dataloggers log temperature and humidity readings and 

store them in internal memory for later download to a PC. 
179% 

e Adjustable measurement cycle Cat: QP-6014 

e Analysis software included 


e Alert if user-defined max/min values are exceeded 
© Celsius and Fahrenheit 


a 


Features: 
© 32,700 memory values 





HIGH QUALITY BANANA 


PIGGYBACK TEST LEADS 

A set of factory-moulded piggy-back style banana plugs, each 
connected by one metre of high-quality S00VDC 12A rated 
cable. The set contains 2 x black, 


the parameter you want to measure and the meter chooses 
the appropriate display range which 
you can override manually if you 
want to. It also does capacitance, 
frequency and diode test. 












75(W) x 33(D)mm 
110(H) x 36(W) x 21(D)mm 












TRADE QUALITY DIGITAL MULTIMETER 
This pocket-sized DMM has an excellent range of features 
including an easy one finger dial selector on the front. 


39% 


Cat: QM-1544 
— 
TRADE QUALITY 
DIGITAL MULTIMETER 


Ergonomically designed slim shape with one hand operating knob 
and buttons. An excellent investment for the apprentice to the 
© Cat IV 600V 


professional tradesman, 
7139 
Cat: QM-1623 
© Dimensions: 164(L) x 82(W) x 44(D)mm yore 
$60 Ss %) 
Was $199.00 % ai 


eameo™ 


Display: 5000 count 

© Cat Il 6O0V / Cat Ill 300V 

© Basic DCV accuracy: 0.500% 

© Dimensions: 112(H) x 56(W) x 12(D)mm 


Was $59.95 


e Display: 4000 count 


INDUSTRIAL STORAGE CASES 
Built for the rough and tumble of the building site, factory or workshop. Made 
from sturdy ABS with solid clasps and removable compartment trays so you 
can take parts with you to the job. Two sizes available: 


15 Compartment (Cat. HB-6304) 8 95 
e 12 compartments: 55(L) x 40(W) x 50(D)mm rip isa 
© 3 compartments: 80(L) x 50(W) x 50(D) - 


mm 


© Case size: 335(L) x 205(W) x 60(D)mm 14% 
19 Compartment (Cat, HB-6305 ) —— 


¢ 4 compartments: 55(L) x 40(W) x 50(D)mm 
© 8 compartments: 80(L) x 50(W) x 50(D)mm 
© 7 compartments: 110(L) x 80(W) x 50(D)mm 
e Case size: 335(L) x 205(W) x 60(D)mm 


Zs 





18MM FLEXIBLE CONDUIT - 2M 
For running cable protection in enclosures and machinery or wiring harnesses in hostile 


environments. Fully flexible, so handles tight radius 90° bends easily, Made 
from polyethylene, length 2m 
$450 
Outside diameter: 18mm 
Cat: HP-1320 


e Inside diameter: 14mm 


FLEXIBLE CONDUIT ADAPTORS 


= 


Made from polythylene 


3/4" -2pc 


Cat. HP-1300 $3.95 









ms 
ar 








3/4" - Cat. HP-1302 $14.95 

3/4' Cat. HP-1304 $3.95 HP-1300/02 

3/4" Cat. HP-1306 $14.95 

3/4' Cat. HP-1308 $7.95 HP-1308/10 
3/4 10 Pk Cat. HP-1310 $29.95 aa sd 

\ HP-1304/06 


SUPER GLUE DEBONDER 
Cyanoacrylate, better known as super glue is tenacious in sticking skin 
together, and has been exploited as an alternative to surgical sutures 
‘eae Debonder will quickly and painlessly separate skin 
oo stuck with super glue. 


sil 
@ 
* © 20m| bottle with applicator Cat: NA-1501 


CONDUCTIVE GARBON GREASE 
Lubricates and improves electrical and thermal connections between sliding surfaces, 
while providing protection from moisture & corrosion. Excellent for use on switches 
and EMI shielding applications. Industrial, trade and hobby use. 50 gram tube. 





















es 

¢ Prevents contact corrosion CARON 
© Reduces make-break arcing and pitting of switch contact surfaces = 
Improves the connection between irregular or pitted contact surfaces i. 
e Reduces EMI noise by maintaining a continuous —_, __< 

path between conductive surfaces 

Due Mid February 

All savings are based\on original recommended fetail prices. 


Free Call: 1800 022 888 for orders! www.jaycar.com.au 





12/24V SWITCHMODE 
7A BATTERY GCHARGER 

This is a 5-stage full maintenance charger for 12 and 24V lead acid (SLA, wet, gel 
and AGM) batteries with bonus features. 
Fully automatic charging modes with 
diagnostic and recovery features, it even 
features a power supply mode where it 
can act as a 13.6VDC 5A power supply. 
A versatile charger with six different 
microprocessor-controlled modes of 
operation. See website for details. 
















© Input: 170 - 260VAC 
















els. 

e Input current; 400mA max 149 00 Kyo ey 
© Charging current: 12V-7A, 28V-3.5 ‘a a A 
‘at: MB- eS 


e Dimensions: 140(L) x 60(W) x 35()mm 


HEATSHRINK ASSORTMENT 
TRADE PACK 

All the heatshrink the technician, tradesman or serious 
hobby user will ever need. The pack contains 160 
lengths of different sizes from 1.5 to 10mm in 

black, red and clear in a handy storage case. 


$10 


| 


© Case size: 205(L) x 110(W) x 35(H)mm 
Was $24.95 





16-Way 100A BRASS — 


DISTRIBUTION BAR 

An ideal way to distribute high current paths. An 8mm 

stud provides for incoming cable and distribution is via 16 
* screw terminals with 7mm cable entry holes. Solid brass with high quality 

plastic bridge mounts, Rated for 100A. 


39 95 
© Dimensions: 112(L) x 18(W) x 12(H)mm 
Cat: $Z-2004 


27 ROTATION CLAMP VICE 
The base will clamp to any bench or table up to 55mm thick and the 40mm jaws will 
take a job up to 58mm in size. Once in position, the head is easily fixed in position 


with a quick release lever. 
@ ete a 


Cat: TH-1769 
20 PIECE Micro DRILL 
Set 0.3 - 1.6MM e 
20 micro drills in indexing storage case for easy removal. 
Ideal for drilling wood, composites, plastic or soft metals. 






4 


¢ Base: 115(W) x 94(D)mm 


© Sizes: 0.3 to 1.6mm. See website for full range of sizes, 
© Case size: 130(L) x 70(H) x 8(D)mm 


Cat: TD-2406 


32 PIECE PRECISION 
DRIVER SET 

High quality driver set with all those really small bits. 
Tactile handle with hardened hex shaft that extends 
from 140 to 210mm. Ideal for jewellery, model 


making or electronics. Slotted, 
Phillips, Pozidriv, Torx and hex. 19 95 
Case included 

Cat: TD-2106 
STAINLESS 1W GREE® TacTICAL LED TORCH 
Machined from a solid bar of 304 18/8 stainless steel and O-ring sealed, this is an ideal 
lighting tool to have in a harsh environment. The 1W CREE® LED gives about re 
120 hours of burn time and 80 lumens of illumination. With a tactical a 


tailcap switch, it's suitable for security, law enforcement, 
marine and military use. 





























© Requires 3 x AAA batteries 20 , 
© Dimensions: 130(L) x 31(Dia)mm $ % 339 00 
Was $59.00 Cat: ST-3398 
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Fantastic educational tools for teaching : s : | A fantastic educational way to learn about 
how the internal structure of various animals we | human anatomy and what makes our bodies 
and plants are different to our own. Each model comes complete witha == ~~ 7 __ _ tick. Each puzzle teaches a different aspect of human biology in great detail. 
full-colour instruction booklet with information about the organism the J/deal for _ , 4) Learn all about vascular, nervous, skeletal, sensor and reproductive systems 
model represents. They also have a display stand so you can preserve — SChoolsor . © ina fun and practical way. Each puzzle is highly detailed and have a 
them for future study. ~ the junior ~ presentation stand for keeping on display in the classroom or science lab. 

: 7 peslooiste _ : 
with your rl frog you can find out all about the internal 


workings without ever picking up a scalpel. You can remove all the Says . This highly detailed model shows all the main organs and they can be 
internal organs and limbs and he has detailed y ‘ } ba displayed in cutaway or complete. You can remove any of the organs 


finish and colouring. Display stand included SS . and look inside them to see what goes where 
¢ 31 parts, approx 120mm long 934 95 ale , an ). The complete model is 2.5:1 scale : 7129 00 
e Recommended for ages 8+ cat: 66-2300] # pe ‘ Omm tall Cat: GG-2389 

o 54 parts with full colour instruction manual 

nended for ages 8+ Was $149.00 


Winit ny 1 

Make your own miniature version of Jaws and see why 
carcharodon carcharias is the perfect killing machine T or 
and has survived for 350 million years | See y hi } ° onnected to the hip bone, All 
© 20 pieces the bones have articulated joints just like real ones and are 

¢ Finished model 34 95 | colour coded to show where the muscles originate 


335(L) x 200(H)mm © 34 parts S$ 95 
Cat: 66-2392 © 200mm high 
Cat: 66-2385 











na del 
T-Rex was about 15 metres long and lived around 65 - 
85 million years ago during the Late Cretaceous period 


Build him piece by piece and find out how he managed ite 
ee is and how it connects to the central nervous system 95 
0 digest 230kg of meat per bite. and 

toidigest 250kg P @ 32 parts 24 


© 39 pieces 95 | Cat: GG-2383 
¢ Finished model: 570(L) x 23(H)mm 89 © 100mm high (_& 
Cat: GG-2394 a 


y detailed brain model to medical education level 
ailed showing the main parts of the brain 


organisms and one human being has over 100 trillion of them transparent parts to show the bones 
You won't have time to build that many, but you can build one He pee . 90mm high 
to see all the parts that make it tick : 


e 24 pieces . : , 
e Finished model: 115(W) x 95 | ‘ Human heart Anatomy sel 

160(H) x 60(D)mm 29” BY Find out how the heart and the vascular system works. Assemble the heart 
- and pull it apart again to see how the chambers and valves in the heart 
keep blood pumping around the body. 


A ia | a~ aa me 24 95 
See. | e@ OF a] 
See how the smaliast parts of plants work. | pe NN Cat: GG-2380 


95 Gees. 
© 26 pieces 29 | | tke, SES \. » For our full range of Human Anatomy 
© Finished model: 110(W) x 125(H) x 70(D)mm Cat: GG-2398 Sea 28 Models see in store or website 


hannar'G en. The perfect rie for muscle structure s study a 597 95 
All life comes from cells - the simplest building blocks of living shows how the muscles fit on the skeleton and has y 24 
{ " Cat: GG-2384 

















—— 


Mini science projects with a difference. Make crystals, superballs, disgusting slime or be your own detective. All the kits have everything you 
need and include full instructions. Just add a couple of common household items and away you go. Safe, fun and easy. You can buy each 
project individually, or buy all together in the Super Science Lab. Suitable for ages 8+. 

. : SUPER BALL MOULD KIT 


LiguipD GCRYSTALS KIT Mix and mould two different size superballs 
jake dazzling liquid gems, crystals and diamonds. $995 and mix the colours up too. Learn what 
Learn about the science behind them. Discover Cat: KJ-8930 makes the process possible Experiment 
low your unique creation is used every day to with cool science like density and gravity. 
preserve water. Surprise all your friends creating Enough ingredients to make 

ake ice or an invisible gem. heaps of superballs. 


Cat: KJ-8933 


é > ae CSI DETECTIVE 
CRYSTAL FOREST KIT mas gm MINI SCIENCE PROJECT 


crt det Loam al Re ts SMA — BO hous or days ld. nd out what he mporant 
crystal forest. Learn all the facts about what itn ; ie f f 
ions orow. All of the eal — 7 : characteristics used in analysing fingerprints are, 





makes crystal formati ; 
ingredients you need are provided. The kit has enough material for multiple 
experiments. 


» SLIME SHOP KIT 


Gross everyone out with your own snotty $9 95 MINI SCIENCE 
slime. Follow the instructions to make PrRovects SET wae 95 
your own disgusting slime creation, Cat: KJ-8932 All the projects together. Cat Ki-8935 
controlling the sliminess to be as Save $$ on the individual kits ‘Ou 

disgusting as you like. 











All savings are based on original recommended Fetail prices. 
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256MB DIGITAL VOICE RECORDER 
Record up to 26 hours of voice or notes in either dictation or conference 
mode, manual of VOX. Play back through the built-in 30mm speaker or 

use the included software. An LCD screen keeps track of everything and 


the simple intuitive layout as easy to use EN 
96995 
Cat: XC-0380 


10x LED MAGNIFIER WITH SCALE 

With all metal construction and glass optics, this superb little magnifier provides 10 dioptre 
magnification with razor-sharp clarity, Inside the viewer is a graduated scale in metric and 
imperial graduations so you can actually take measurements of an object. Three LEDs 


provide crystal-clear illumination of the subject. Science, education or _@ 


© Requires 2 x AA batteries 

¢ USB cable and software included 

e Variable speed playback 

e Date and time-stamped recordings 

© Dimensions: 97(L) x 45(W) x 18(H)mm 
Also available: 

or B r 








t. XC-0382 $1 129.00 








engineering applications. Batteries included 


ead 





© Requires 2 x AA batteries (included) 


© 10x magnification 
29% 


© Satin chrome finish 
Cat: QM-3539 





© Size: 180(L)mm 


LED MAGNIFIER LAMP 

Clearly see what you're working on with this 

multifunctional laboratory magnifier. Included is an 

extension pole that transforms it from a desk top unit into 

a floor standing unit, also included is a detachable desk-mounting clamp. Can 
be powered with the provided plug pack or 4 x C size batteries which allows this 
unit to be used where mains is not available 


¢ 20 high-brightness LEDs 
e 4 dioptre magnification 

e 127mm diameter lens 

e 1200mm floor mode height 
© 600mm desk mode height 
¢ Mains plugpack included 
© Base measures: 310(L) x 




















230(W)mm 
20/1 30W SOLDERING 


IRON STARTER KIT 
All the soldering 1 $5 


essentials for the re 


hobbyist. This kit 
Sy 


represents excellent 
$ 7 g 95 
Cat: TS-1651 


All the essentials for 
doing some minor 
surgery to your PC. 
Don't forget your 
anti-static strap. 
value, the bestin 
soldering we've seen, “ 
anywhere, The sum of ‘% 

the individual parts amount 

to more than double the price we 
are selling this kit for. Kit contains: 





Kit contents 
e Driver bit handle 


e Hex adaptors: 4mm, 5mm 


@ 240V 20/130W soldering iron with turbo boost switch 
© Spare tip 

e Basic stand 

e 1mm solder in dispenser tube 
© Metal solder sucker with spare 
Was $24.95 


92 PIECE 12V 


Drill, saw, sand, 

polish, carve or 

grind in your 

workshop or 

out on the road 

90+ bits and 

attachments 

cover every 

possible task 

you'll ever need 

The rotary tool is | 

~ , rated for 12V at | 
ave OOOV aaa 12,000 RPM 

e DC Amps: 200uA to 10A 

© AC Volts: 200V to 750V 

e Resistance: 200 ohm to 2M ohms 

@ Size: 125(H) x 68(W) x 23(D) mm 


tip and O-ring 


Low Cost DMM 
This is a full featured meter with plug- 
in 4mm probes and transistor tester. It 
is the ideal first multimeter and will give 
years of faithful service. 




















ee 
See website for full list o 


© Case size: 240(L) x 200(W: 









All savings are based on original recommended fetail prices. 





COMPUTER TOOL KIT 


e Bits: Slotted 3mm, 4mm, PH 0, 


Tweezers, IC extractor, Pearl catch 


ROTARY TOOL SET 


Ideal for hobby or professional use 
f attachments. 


x 70(D)mm 


25MHz DUAL TRACE DIGITAL 


STORAGE OSCILLOSCOPE 
Ideal entry-level DSO for the advanced hobby user or 
© Sampling rate: 500MSa/S 


technician and is particularly suited to audio work 1 
@ Max input voltage: 400V P-P, Cat Il 


Full data storage capabilities and USB interface so 
‘eo 00 
¢ Dimensior 649 
x 10:1 probes, EasyScope software, USB cable 932 


you can store traces on a flash drive. 
10(W) x 150(H) x 130(D)mm Was $699.00 
¢ Accessories 


included : 2 x 
Also available 
10 Jual Tr D I e Os 





eg Ge? 


© Channels: 2 
© Input impedance: 1Mohm 
e Bandwidth: 25MHz 















































pe Cat. QC-1933 $1,499.00 





SD/MMC CARD 
WEBSERVER IN A Box KIT 


silicon 










Host your own website on a common SD/MMC 
= card with this compact Webserver In a Box (WIB), It 
connects to the Internet via your modem/router and 
features inbuilt HTTP server, FTP server, SMTP email client, 
dynamic DNS client, RS232 interface along with four digital 


outputs and four analogue inputs 
@ ll 





Requires a SD merry card, some 
SMD soldering and a 6-9VDC power adaptor 


e Kit includes PCB, case and elec tronic =e nents. 
LABORATORY DESK ; 
ToP career LAMP , 

The perfect laboratory tool for coin/stamp collectors, : 





jewe llers etc, This dock p magnifier lamp features a 

100mm glass lens that will provide you with 3x magnification. The lamp 
has a solid base and a bright 12W energy-saving fluorescent lamp. The 
lamp also features a swivel joint enabling you to position the lens to suit 
your needs. 


e Replacement fluorescent tube 
Cat. QM-3521 $12.95 
e Base 160mm(dia.) Was $49.95 








Cat: QM-3529 





Notebook USB 
COOLING PAD @ 


This notebook cooling pad oi = 
simply plugs into your seis ithe 
notebook's USB port 
and has an inbuilt f 

; . & 
18cm cooling fan sais 


to dissipate heat 

Having one large fan results in it being quieter than 

other pads with multiple small fans. Featuring four non-slip 
pads and an ergonomically tilted surface. 


13” 


19% 


Cat: TD-2150 


1,710,715 


¢ Dimensions: 300(L) x 
290(W) x 35(H)mm 





MINI ROLL-UP 
WIRELESS KEYBOARD 
Life for business travellers and students 
just got a lot easier. Now you can 
have a convenient roll-up 
keyboard to take on 
the road or to 
lectures, and it's 
wireless. 


¢ Splash resistant keypad 2 "49 95 
¢ Standard QWERTY layout 

e Washable and hygienic ol me 
© Supports Windows 


© Size: 370(L) x 123(W) x 
Also available 














$20 






/ NN @ ¢ 06®@ 


5(H)mm Was $69.95 


et! 


Cat: TD-2451 








WIRELESS USB TRACKBALL 
REMOTE CONTROL FOR PG 
The trackball works as a mouse and you can type numbers or text in the same 
way you do with a mobile phone. It also has quick-launch keys, plus controls for 
multimedia use - play, pause, record etc. You can also program macros or single 
commands into any key. No software or drivers are needed - just plug in the USB 


receiver and off you go, Requires 2 x AA batteries. 
°89 00 
Cat: XC-4940 


© 2.4GHz 10 metre range 
e 19mm optical trackball & mouse keys 

¢ USB dongle receiver 

© Microsoft Windows XP MCE/ Vista compatible 

© MCE hotkeys 

© Dimensions: 180(L) x 50(W) x 30(H)mm 

WIRELESS TRACKBALL KEYBOARD % 
Simply plug in the USB receiver to your PC and this stylish and ergonomic 

wireless keyboard is good to go. So portable you can easily 

take it with you to and from your home, office or school 

workstations. Great for cramped workspaces and much 
easier to use than a laptop touchpad! A complete PC 
control interface in one neat package. 















© 2.4GHz with 8 channels - 10 metre range 
e Windows NT, 2000, XP & Vista compatible 
e 12 internet/multimedia hot keys 

© Requires 4 x AA batteries 


CAT SE PATCH CABLES phe, 
RJ45 to RJ45 By 7 
© 350Mtz stranded cable. ~; Network 
° ACMA approved “Your Home- 
Cat Se Patch Cal - Office ~ 
+ 4 
rYYS 





-8200 $3.25 
-8201 $3.95 
-8202 $5.25 
-8203 $6.95 
-8204 $8.95 
-8205 $14.95 
-8206 $21.95 
-8207 $24.95 
-8208 $37.95 





~~~~<—<<~<<< 


USB LEAD 
USB A to Micro USB B lead 
e 1.8m length 








Cat: WC-7724 


Cat: YN-8087 





8 PorRT Hus SWITCH 

High performance 8 port, 10/100/1000 N-Way switch increases network 
performance and reduces congestion. The switch also supports auto- 
negotiation which allows each port to be operated at a 

different speed while maintaining maximum 
throughput. Plugpack included. 





© Max cable length: 100 metres 
e Transmission speed: 10/100/1000Mbps 
© Size: 180(W) x 103(D) x 27(H)mm 





10 Port USB Hus 
Ten USB ports. That should be enough for anyone. The two position switch turns all ports 


on, or only ports 7 - 10. This means you can turn off non-essential peripherals while 
maintaining power to others - LED indicators tell you which group is live. Includes a 
5VDC 2A plugpack required for powered operation @ 
© USB 2.0 

SOW UNIVERSAL LAPTOP MAINS ADAPTOR 
This versatile unit has an output voltage LED display and automatically adjusts output 


559 95 
| © USB or mains powered ECAR 
voltage according to which connector is fitted. It also has a USB outlet to 


e Key holes for wall mounting 
e Windows 2000, XP, Vista and Mac OS 10.0 compatible 

charge or power one of your USB devices. Compatible with all major 
brands. Check our website for compatibility with your laptop. 
Voltage range: 15-24V 


© Dimensions: 172(L) x 36(W) x 27(H)mm 
$ 79 95 
2 © Current range: 2.04-6A Cat: MP-3475 


“ad Dimensions: 154(L) x 58(W) x 37(H)mm 


NE 


© Max output: 9OW 








| © Antenna: 11(H)mm - SMA plug 


USB NXT LAPTOP SPEAKERS 

Featuring high performance NXT flat panel drivers in a package small enough 
to fit in your notebook bag. Conveniently powered by USB, these plug- 
and-play speakers dramatically outperform inbuilt 
notebook speakers. Providing high quality 
sound in a portable take-anywhere package. 
Being USB, they eliminate hard disk noise 
that all other non-USB speakers suffer from 



































© Dimensions: 220(L) x 70(H) x 45(D)mm 


CuP-ON 
NOTEBOOK SPEAKERS 

With a unique slimline design, these clip-on notebook 
speakers are ideal for travelling. They're USB powered 
and connect via standard 3.5mm audio out jacks 
Used either clipped onto your laptop screen or 
reestanding, you'll experience better sound direction 
and fidelity than your average inbuilt speakers 


9399 95 
Cat: XC-5193 
USB 3.0 LEADS 


USB 3.0 is here and offers data rates of up to 4.8Gbps - 


a quantum improvement over USB 2.0. @ 
Two leads available: 

™ f 

re “ 

wi y < 


KEYRING Micro SD 


USB CARD READER 
Microscopic would be the best way to describe this card 
reader at only 19 x 15mm, and that includes the USB plug. 


ldeal for the travelling shutterbug. 
$995 


e USB 2.0 Micro SD compliant 

Keyring lanyard included 
BLUETOOTH TO RS-232 CONVERTER 
Add short range Bluetooth wireless connectivity to RS-232 based devices. It features 
one 9-pin female RS-232 socket and an 11mm long SMA screw on antenna. A great 
way to reduce serial cable mess. Perfect for serial printers, scanners, custom built 


RS-232 products and a host of other devices 
$ 7 69 00 
Cat: XC-4130 


USB TO RS-485/422 CONVERTER 

Wire up an RS-485/422 device to the 4 socket terminal 
block to give your hardware USB connectivity. It features 
surge protection to guard against unpredictable voltage 
® spikes, Suitable for industrial, military, marine, science 


and custom built applications. One USB A male to male 
5 so 
ey. 


cable is supplied. 
>9g 00 
Cat: XC-4132 
SERIAL TO ETHERNET CONVERTER 


With this converter, computers can connect to serial devices over Ethernet. It's an ideal 

solution for people who need to monitor or access RS-232 based equipment remotely or 
to share them over a network. There is one 9-pin male RS-232 plug, 
an RJ-45 socket and a terminal block to wire up RS-485 or RS- 
422 connections. The device can be accessed remotely 
through a simple web interface 


© Win 2000/ME/XP/Vista compatible 
Note: Notebook PC not included 














Cat. WC-7770 $15.95 
Cat. WC-7772 $15.95 


S 
& 






Specifications 


¢ Led Indicator : SYS (Power) , Pairing 
© Dimensions: 72(L) x 30(W) x 14(H)mm 
© Class 1 (up to 100M range) 






© Dimensions: 55(L) x 42(W) x 24(H)mm 
e Includes a 610mm USB A Male to Male cable 















© Supports 10/100M 
e Converts RS-232, RS-485 and RS-422 
© Dimensions: 88(L) x 68(W) x 27(H) 









All savings are based on original recommended retail prices. 
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itis a very clever ba 


In normal peak usa 


mains. It will also, if configured work as a zero-time changeover UPS. They are designed 
two or three 


for high duty-cycle industrial-type use & can be stacked up to 9OkW - with 


phase configurations if needed. 
e Intelligent mains gri 
© Green Power Smart feature 
Full continuous output rating up to 70°C 
Solar charging capacity up to 600 amps 
(requires optional MP-3726 $389.00 or MP 
e Battery temperature sensor (optional Ml-5278 
e Wall mountable 





3728 
$69 


Cat. MI 
Cat. MI 
Cat. Ml- 
Cat. MI 


$3,199.00 
$3,199.00 
$4,399.00 
$4,399.00 
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2 
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REMOTE CONTROL UNITS 


No need to go to t 





you had the unit in front of you. The 15 metre lead gives 
ample scope for positioning the controller at a convenient 


location in de home or business. @ 





Mi. 5259 $439, 0 
| for CombiPlu 


Cat M6279 $379.00 


Ca 





LINKABLE 12 - 48V SUNSTAR 


SOLAR CHARGE CONTROLLERS 
These professional grade, high current solar charge controllers offer the flexibility to suit 
almost any solar installation. System voltage can be 12, 24 or 48V, 
acked together (up to 10 units max) 
allowing your system to grow and expand without rendering your old 
atures an LCD and front panel 
controls, and can be used as either a battery charger, load controller 
or diversion regulator. They can also be connected to a remote 
control for remote monitoring, and are fully protected against reverse 
polarity, short circuit, high temperature and overvoltage, Particularly 
suited to the SuperCombi and CombiPlus units, as they communicate 


and multiple units can be st 


charge controller useless, Each unit fe 























via data cables to exchange charging information. 45 or 60 
available: 

ip Cat. MP-3726 $389.00 
Cat. MP-3728 $459.00 
Cat. MP-3729 $149.00 








es : 


SuURGE/OVERLOAD 


PROTECTED POWERBOARDS 
Individually switched powerboards provide a high level of 
protection from overload and surge, with extra-wide 
spacing to take mains plugpacks. Ideal for home theatre, 
! computers, TV and video or 

audio systems. 


© Dimensions: 128(H) x 65(W) x 40(D) 


Extra-wide spacing to a as , 
‘ake mains plugpacks 

ndividually switched mes 
Surge and overload + re Py ae 
protected on ” 
© 4 or 6 way 





Cat. MS-4064 $19.95 
Cat. MS-4066 $24.95 





In the future all domestic & commercial noeds will. use this pa t. What is it? Firstly, 
tery charger/inverter for an embedded battery bank in your house, 
etc. It will even recognise lower off-peak tariffs & charge your batteries at, say, 2.00am 
e it works as a high power sine wave inverter replacing standard 


power and generator power management 


$459.00) 
.00) 





he central SuperCombi or CombiPlus unit if 
adjustments or monitor performance. The remote control emulates the front panel of the 
SuperCombi unit exactly, so you can perform all the control or monitoring functions as if 


you need to make 





MAINS STANDBY POWER 


A SAVER WITH IR RECEIVER 
Saves on energy bills and reduces your carbon footprint. Eliminates the 


* needless power consumed by appliances when they are in standby. Once 
it detects that they are in standby mode, it will switch them off completely 
after a short delay. Switching all your appliances on again is as simple as 

, pressing the on button on the remote control 


“Not available in\all stores) Please ting your local te ed 


Free Call: 1800 022 888 for orders! 


The CombiPlus uni 
less sophisticated 
features a powerfu 
demanding appliance 
delivering up to 14 
70°C, the CombiPlt 







power isn't availab 








Two mode 
2 Cat. MI- 
Cat. MI- 








Also available 
va JF Cat. WI- 
m = Cat. WI- 








Js units car 


Cat. WI- 


5270 
5273 


5250 
5252 
5254 


$35 
$45 
$55 





S available, see website for detailed specs: 
N $2899.00 
$3799.00 





Cat. MI-5276 
Cat. MI-5277 
Cat. MIl-5278 $69 


COMBIPLUS POWER MANAGEMENT SYSTEMS 

s have the same bullet-proof build quality as the SuperCombis, but have 

unctionality for those who don't need all the bells and whistles. Each unit 

pure sine wave inverter for sensitive electronics and 
S a four stage battery charger 

th full power output rated as high as 

an be connected to solar panels for 

battery charging, giving you even more flexibility when mains 

e. Like the SuperCombis, these can be stacked 

for increased power or supply three phase if required. 


iiveriek: 


$199 
$199 


SWITCGHMODE MULTIVOLTAGE PLUGPACKS 


and a USB outp 


inverters 





13 DC Plugp 
eae 69(L ) x 30M) 


18W 3 - 12VDC Plug 


Dimensions: 69(L 


> 
SS, 





)x ei 


Dimensions: ‘69(L) 


Dimensions: 96(L) x 50( 


25W 9 - 24VDC 









Dimensions: 96(L) x 50(W, 





els 


=e 
snStatel Lge contrat 
. azz 


ncn ec 








399 


Cat: MS-6146 


WIRELESS 3-OUTLET 


MAINS POWER METER 
Simply plug an appliance into each sender unit, enter your 
local electricity price and monitor the usage on the LCD of 
the receiver unit. You can also monitor the cumulative 
usage via the memory as well as the greenhouse gas 
emissions. It also 
has a clock and 
alarm function 
Receiver requires 
3 x AA batteries. nA 





Frequency: ail 
433.92MHz 


Transmission range: 30m 





fore. driving across town _ 





put socket. (MP-33 


ick 


Cag 95 
N99 MS-6116 


Kk Cat 


x 31(H)mm 


x 31(H)mm 








) x 30(H)mm 


CAT 

ZM-9091 
ZM-9093 
ZM-9094 
ZM-9096 
ZM-9097 
ZM-9098 
ZM-9099 





P-3310 $19.95 


Cat. MP-3312 $24.95 
) x 31(H)mm 


pack Cat. MP-3314 $29.95 
) x 39(W) 
ack Cat. MP-3316 $34.95 
W) x 30(H)mm 


Kk Cat. MP-3318 $34.95 


© Sizes range from 5 watts to a massive 175 watts, 


WAS 
$115.00 
$175.00 
$225.00 
$639.00 
$875.00 
$1280.00 
$1750.00 


tf vr 
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www.jaycar.com.au 





SAVE OVER 
33% OFF 
_ ORRP*! 


a more attractive 


NOW 
$59.95 
$94,95 
$149.00 
$399.00 
$475,00 
$695.00 
$1100.00 


fuel 


MASSIVE SAVINGS ON POWERTECH 


SOLAR PANELS! 
These monocrystalline panels are more efficient than polycrystalline panels and are as 
strong and tough as the better known brands, but at 


rice, 


SAVE 
95,05 
80.05 
76.00 
$240.00 
$400.00 
$585.00 
650.00 





vy 


a MS. N. 
+ + + 4 


Jaycar 


y 


These switchmode plugpack adaptors are slim in size, lightweight, and feature manually 
selectable variable voltage outputs. All are MEPS compliant and come supplied with 7 plugs 
8 does not include USB socket) 


MASSIVE 
SAVINGS 


Da gon 



























































VIFA 6.5" WOOFER 
A brilliant and versatile driver that can be designed 
to perform to 40Hz or lower. Features include a 
cast magnesium basket, mineral filled polycone 
and smooth frequency response. Ideal for bass 
reflex enclosures of 10 - 30 litres. 

399 00 
© Nominal impedance: 8 ohms Cat: CW-2106 
e Frequency response: 37Hz - 5kHz 
© Sensitivity: 88dB SPL @ 1W, 1m 





© Power handling: 7OWRMS 


TWISTED PAIR RGA 


STEREO AUDIO CABLES 

Featuring RFI and EMI noise reduction to keep your car's audio sounding wholesome. This 
twisted pair RCA cable is made from double aluminium foil and quality copper braid 
shielding for that accurate sound transfer. 


e Plug to Plug 

© Split center pin connectors 
Frosted jacket design 

e Platinum-plated ends 


5 ob engt ths Available 


Cat. WA-1079 $14.95 
Cat. WA-1071 $14.95 
Cat. WA-1073 $19.95 

t. WA-1075 $24.95 
a WA-1077 $29.95 





LED NIGHT 

LIGHT WITH SENSOR 

No need to stub your toe when you get up in the middle of the 
night. Keep one of these plugged in and it will give you enough 
light to see where you're going. Operates automatically 





¢ Rotates ina 360 





e Au 5 
nd © Unobtrusive size - smaller than a dot Jble adaptor 
Due Mid February 


LED TORCH KIT 
Configure the light in any of three different ways: a hand-held 
torch, headlamp or a handy lan The head torch 
with its own battery pack and | band and the lantern 
makes the ideal tent light for camping. Lanyard and tripod 
included 









ern 


SOMES 














1 x CR123A, 2 x AA batteries 


69% . } j 


\ Cat: ST-3391 


© Requires 
© Output 120lm 
© Torch 98(L)mm 










Ph (02) 9267 1614 
Ph (02) 9531 7033 
Ph (07) 5524 6566 





Sydney City 
Taren Point 
Tweed Heads 


YOUR LOCAL TAYCAR STORE 
Australia Freecall Orders: Ph 1800 022 888 












NEW SOUTH WALES Wollongon Ph (02) 4226 7089 
Ph (02) 6021 6788 

Alexandria Ph (02) 9699 4699 Cheltenham —Ph (03) 9585 5011 
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Blacktown Ph (02) 9678 9669 Frankston Ph (03) 9781 4100 
Bondi Junction Ph (02) 9369 3899 Geelong Ph (03) 5221 5800 
Brookvale Ph (02) 9905 4130 Hallam Ph (03) 9796 4577 
Campbelltown Ph (02) 4620 7155 Melbourne Ph (03) 9663 2030 
Coffs Harbour Ph (02) 6651 5238 Ringwood Ph (03) 9870 9053 
Croydon Ph (02) 9799 0402 Springvale Ph (03) 9547 1022 
Erina Ph (02) 4365 3433 Sunshine Ph (03) 9310 8066 
Gore Hill Ph (02) 9439 4799 Thomastown Ph (03) 9465 3333 
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Maitland Ph 1800 022 888 Aspley Ph (07) 3863 0099 
Newcastle Ph (02) 4965 3799 Caboolture Ph (07) 5432 3152 
Penrith Ph (02) 4721 8337 Cairns Ph (07) 4041 6747 
Rydalmere Ph (02) 8832 3121 Capalaba Ph (07) 3245 2014 
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Arrival dates of new products in this flyer were confirmed at the time of print. Occasionally these dates change unexpectedly. Please ring your local store to check stock details. 


Free Call: 1800 022 888 for orders! www.jaycar. com.au 






TOUCHSCREEN DVD/MULTIMEDIA PLAYER 
Comprehensive in-car connectivity - this impressive unit plays all the popular AV formats 
from just about any portable media or mass storage device. 
Plus it's Bluetooth-ready for handsfree communication when 
paired with a Bluetooth enabled mobile phone. It's user- 
friendly touchscreen menu enables you to easily select and 
control several input play options. Mounting hardware, 
Bluetooth bus and remote control included 












© Motorised 7" touchscreen LCD 
(480 x 234 pixels) 

© 22WRMS x4 channels WAGQ 00 
45W max each) Cat: OM-2789 

e Front panel USB, SD & aux-in 

e 1 x rear camera input, 1 x video output 







IN-DASH DVD/MULTIMEDIA PLAYER 
WITH USB AND BLUETOOTH 

A solid all-round performer, this in-car entertainment system plays all the popular 
multimedia formats and devices. It is Bluetooth hands free ready and comes complete with 
detachable anti-theft panel with colour LCD display and slimline remote control 























e Front USB port, SD/MMC 
card slot and aux-in 

e PLL tuner with 18 x FM 
and 12 x AM presets 

© DVD+R/RW, CD-R/RW play! 

e Supports M JPEG and WMA files 

© 4 channel RMS output (40\\ ey nax) 

Classic, pop, rock, flat 








F 






e 4-band e 





CAR AMPLIFIER WIRING KITS 
Complete wiring kits for installing a car amplifier - 
everything you need down to the cable ties and screws. 
Save $$ on the individual parts. 4G and 8G kits 
available, see our website for kit contents: 





3G Cat. AA-0442 $59.95 
AG Wiring Kit Cat. AA-0444 $99.00 








3 WATT LED TACTIGAL TORGH 









aluminium construction and O-ring 
ional work. The tailcap 





















$5 








Ask for a demo 












ie 
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Microgram’s Intellingent Carousel: 150 CDs on line. 


Tired of searching for and organising 
CD’s and DVD’s? Microgram’s Intelli- 
gent Carousel allows up to 150 CDs ¢ 
to be safely stored in a carousel 
style library — and using the dedi- 
cated database software, with five 
modes of search available, finding * 
a CD, DVD etc only takes a matter 
of seconds. 

It can be controlled via a PC or 
used as a stand-alone unit using the 
included CD Manager Index Card. And 
if 150 discs isn’t enough for you, up 
to 128 units can be interconnected to 
one PC using USB hubs which gives 
an incredible 19200 disc capacity. It 
can store DVD movies, music CDs, 
game discs (Xbox, PS2, PC etc) as well 
as data discs. 
















Contact: 
Microgram Computers 

PO Box 8202, Tumbi Umbi, NSW 2261 

Tel: (02) 1800 625 777 Fax: (02) 4389 0234 


Website: www.mgram.com.au 





With a few exceptions, large plasmas 
and LCDs remain weighty and therefore 
a challenge to mount safely. Many people 
consider large flat panel TV a must-have, 
however the list of brackets that can be 
trusted to mount this treasured possession 
is a small one. 

The multi-award winning Skunkworks 
range of large screen mounting solutions 
are all about modern living and function- 
ality. Its Vasco series of flat-to-the-wall 
brackets and extendable arms suit all 
structural and usage requirements. They 
are also ‘universal’, meaning they suit any 
screen’s mounting configuration. 

As versatile as they are, there is no 








Skunkworks hangs the biggest and the best! 





compromise on 
safety or lon- 
gevity, as each 
bracket is preci- | 
sion engineered 
from laser cut 
steel and its 
‘footprint’ on the wall is substantial, rather 
than just the one or two points of contact 
that some brands have. 


Contact: 
Skunkworks 





101 Canning Hwy, East Fremantle 6158 
Tel: 1800 241 280 Fax: (08) 9339 8810 
Website: www.skunkworks.com.au 








Microchip’s ZigBee for wireless remotes 


Microchip Technology Inc. has 
achieved certification for its ZigBee 
RF4CE Compliant Platform, which ena- 
bles the next generation of RF remote 
controls and consumer electronics. 
The platform consists of Microchip’s 
nanoWatt XLP eXtreme Low Power PIC 
microcontrollers, the MRF24J40 IEEE 
802.15.4 transceivers and modules and 
the industry’s smallest memory footprint 
ZigBee RF4CE certified protocol stack. 

The consumer electronics industry is 
rapidly changing from infrared remote 
controls, which require line-of-sight 
operation and have limited range, to the 


www.siliconchip.com.au 


more versatile RF wireless technology. 
The ZigBee RF4CE protocol provides 
an industry standard for this transition, 
ensuring compatibility between OEM 
or aftermarket remote controls and con- 
sumer electronics. 

Microchip offers a wide range of 


\Microcnip ZigBee® RF4CE 


Wireless Control 


ZigBee" RFACE 





Chiphacker: a new 
electronics website 






























wares 961,967 
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Sydney based boutique electronics re- 
tailer Little Bird Electronics has launched the 
dedicated electronics question-and-answer 
community website chiphacker.com. 

Collaboratively built and maintained by 
electronics enthusiasts, Chiphacker.com 
connects people to the information they’re 
seeking with those who know it. 

Everyone reading this magazine has 
some experience and knowledge about 
electronics and Chiphacker.com provides 
a way for people to share their experience 
and insight. 

With everyone’s help, Chiphacker can 
build good answers to every imaginable 
electronics question. No matter what level 
you are at, microcontroller you use (or don’t 
use!), or what programming languages you 
use — better electronics is chiphacker’s goal! 





Contact: 
Little Bird Electronics 

PO Box 127, Berowra NSW 2081 

Tel: 0401 252 250 Fax: (02) 8569 0339 
Website: www. littlebirdelectronics.com 





tools for development with the PIC 
XLP microcontrollers, including the 
free MPLAB IDE, the MPLAB REAL ICE 
emulation system, the MPLAB ICD 3 in- 
circuit debugger, the PICkit 3 low-cost 
debugger/programmer and Microchip’s 
free C compilers. All of these tools 
are available at www.microchip.com/ 
XLPTools. SC 















Contact: 
Microchip Technology Inc 
2355 West Chandler Bvd, Chandler, Az USA 
Tel: (0011 1 480) 792 7200 
Website: www.microchip.com 
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Do you occasionally need to measure very low resistances accurately 


but don’t have access to an expensive benchtop Milliohm Meter or 
DMM? This low-cost adaptor will let you use almost any DMM to 
make accurate low-resistance measurements. 


| Adaptor 

7 DMM 
=, DMMs 
re A 


By Jim Rowe 



















SET 1mA SEr/1000" 


® FORCE CURRENT ® 


ZERO FORCE 








& 


S& — cuRRENT TEMPCO 











SENSING 













(0-8 POWER ica 4 
C aE @ 0000) o-10.002 = INT Q* 
es a 
ca pPTOR 
4 °3 gILICON MILLIOHM ADR ULTIMETERS 


cHIpP| ror’ 


a 6 CALIBRATE — 
~—— 


SET ZERO (GAIN) 


\ € SET ZERO ae 
| TEMPCO : 
\ 


i 
———— ee 
o~ 
G) 








hen it comes to measuring low resistances (ie, 
Wer about 10Q ) with any significant accuracy, 

very few standard handheld digital multimeters 
are of much use. Only the top-of-the-range models offer 
any real performance in this area. 

And when you want to measure even lower resistances 
—less than one ohm — even some of these drop out of conten- 
tion. It’s really only the most expensive benchtop models 
that will provide milliohm-level measurements as a matter 
of course. 

This doesn’t pose much of a problem for most of us, 
most of the time, because accurate low-value resistance 
measurements are not needed very often. 

But sometimes you do: matching the values of low-value 
resistors used for current sharing in amplifier output stages, 
for example, or when you need to make up a low resistance 
current shunt for a panel meter. 

That’s when you need this Milliohm Meter Adaptor. It’s 
self-contained and designed to act as a very low resistance 
measuring ‘front end’ for almost any standard DMM. 

It works by converting low resistance values into a di- 
rectly proportional DC voltage (nominally 0-1.000V), so 
the DMM is simply set for its 1V or 2V DC voltage range, 
the range where most DMMs have their highest accuracy. 

So when the adaptor is being used to measure a very low 
resistance, the resistance value is simply read out on the 
DMM in millivolts. 

Actually the adaptor provides two measurement ranges, 
one a ‘0-1.0Q’ range where it converts milliohms directly 
into millivolts (so 125mQ becomes 125mV, for example) and 
the other a ‘0-10Q ’ range where it converts tens of milliohms 
into millivolts — so 2.2Q (ie, 2200mQ ) becomes 220mV. 

So reading the low value resistances on your DMM 
doesn’t require much mental arithmetic. 


ACTUAL 
RESISTOR 
TO BE 
MEASURED 


If (FORCE CURRENT) 


CURRENT 
SOURCE 


IF (FORCE CURRENT) Rm (HIGH) 


CURRENT 
SOURCE 


A-TERMINAL RESISTANCE MEASUREMENT 


The top diagram (Fig.1a) shows the way resistance is 
measured in “normal” meters (ie, two-terminal). The lower 
diagram (Fig.1b) shows how higher accuracy is achieved 
with four-terminal measurement, especially for low 
resistances. This is the approach taken in this adaptor. 





Now at this stage you’re probably thinking this: if a low- 
cost adaptor like the one we’re describing here can make 
this kind of very low resistance measurement relatively 
easily, why don’t most DMMs provide such ranges? 

That’s because there is a catch: in order to measure low 
resistances accurately, you have to use a four-terminal 
measurement approach rather than the two-terminal ap- 





With the exception of the terminals and battery, all components mount on the one PC board. 
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proach used in the majority of DMMs. 
Before we look at the new adaptor 
and the way it works, then, we’d bet- 
ter explain first why it needs to make 
four-terminal measurements. 


Why 4-terminal measurements? 


To understand what we’re talking 
about here, look first at the upper 
resistance measurement circuit in 
Fig.1(A). This shows the kind of two- 
terminal measurement used by most 
DMMs to measure resistances. 

As you Can see it’s quite straightfor- 
ward: a constant current source forces 
a current, Jf, through the resistance 
to be measured (Rx), which is con- 
nected to the meter’s test terminals. 
The voltmeter section of the DMM 
then measures the voltage drop across 
the test terminals, which is directly 
proportional to the resistance between 
the terminals — because according to 
Ohm’s law this voltage is given by E 
= If X Rx. 

Note that the voltmeter has a very 
high multiplier resistance (Rm), so itis 
assumed to draw virtually no current. 

The drawback with this approach is 
that as shown, our unknown resistance 
Rx isn’t the only resistance between 
the two test terminals — there’s also 
the resistance of the test leads, RL1 
and RL2. These are effectively in series 
with Rx, so the voltage drop across 
them as a result of If flowing through 
them will simply be added to the drop 
across Rx. The resistance measured by 
the DMM will therefore be (Rx + RL1+ 
RL2), rather than just Rx itself. 

Now from a practical point of view 
this doesn’t introduce much error 
when you’re measuring resistances 
over 10Q or so (with fairly short test 
leads). It’s usually not too difficult to 
keep the test lead resistances down to 
a few tens of milliohms (which is less 
than 1% of the value of Rx). But when 
you're trying to measure somewhat 
lower resistances, the errors can be 
quite significant. 

For example, ifthe resistance you're 
measuring is 12, two test leads each 
with a resistance of 30mQ will in- 
crease the total resistance across the 
terminals by 60mQ or 0.06Q, giving 
a measurement error of +6%. 

Now consider what happens when 
we use the four-terminal measurement 
approach shown in Fig.1(B). Here we 
still force a known current through the 
unknown resistor Rx and measure the 
voltage drop across it as before, using 
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Fig.2: the complete schematic. The circuitry at upper left forms a re 


force current 





siliconchip.com.au 





a high resistance voltmeter. But in this 
case the force current Ifis fed to Rx via 
one pair of terminals F+ and F-, while 
the voltmeter is connected across Rx 
via a second set of ‘sensing’ terminals 
S+ and S-. As you can see the F+ and 
S+ terminals are connected to one end 
of Rx via separate leads, while F- and 
S- terminals are connected to the other 
end — also via separate leads. So there 
are now four test leads, with resist- 
ances RL1, RL2, RL3 and RL4. 

But how does this extra complex- 
ity help? 

Look carefully and you'll see that 
although the force current If still flows 
through force lead resistances RL1 
and RL4, the voltage drops in these 
resistances now don’t matter because 
the voltmeter’s sensing leads are con- 
nected directly across Rx itself — ie, 
we now only measure the voltage drop 
across Rx alone. 

And the sensing lead resistances 
RL2 and RL3 don’t cause any problems 
either, because they’re simply in series 
with the very high resistance of the 
voltmeter circuit (and they carry only 
its tiny measurement current). 

So that’s why changing over to four- 
terminal resistance measurement gives 
much better accuracy, especially when 
you're measuring very low resistances. 


Circuit description 

Now that you understand the basic 
concept of four-terminal resistance 
measurement, we will look at the 
circuit of the new Milliohm Measur- 
ing Adaptor and the way in works in 
detail. 

The schematic diagram (Fig.2), 
has four measuring terminals just to 
the left of centre labelled FORCE+, 
FORCE-, SENSE+ and SENSE-. It will 
help in understanding the way the 
circuit operates if you regard all of 
the circuitry above and to the left of 
the force terminals as comprising the 
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force current source, while all of the 
circuitry to the right of the sensing 
terminals comprises the voltmeter sec- 
tion. (It’s actually a DC amplifier with 
its output connecting to the voltmeter 
section of a DMM.) 

Before we get going, you’ve probably 
noticed already that the two poles of 
switch S1 are wired so that the two 
positive terminals and the two nega- 
tive terminals can be connected to- 
gether if desired, for ‘internal sensing’. 

This switch has been provided 
purely to allow the adaptor to be used 
for making ‘quick and dirty’ (ie, less ac- 
curate) two-terminal measurements on 
components which can be connected 
directly to the force terminals, without 
any test leads as such. 

So for the rest of this discussion 
you should regard both poles of S1 
as ‘open’, just as they are shown in 
the schematic. This ‘external sensing’ 
position of S1 is the one used for ac- 
curate four-terminal measurements, 
with Rx connected to all four terminals 
as shown. 

Let’s turn now to the circuitry used 
to provide the force current for our 
measurements. This is the section at 
upper left of the schematic involving 
IC1, IC2a and transistor Q1. Although 
it may look a bit complex, it’s really 
quite straightforward if you break it 
into sections. IC1 together with D1, 
D2, the 6.2kQ resistor and trimpot 
VR1 form a regulated voltage source 
which establishes a voltage difference 
of 2.490V between test points TP1+ 
(the adaptor’s supply rail) and TP1-. 

Why 2.490V? Simply because when 
the LM336-2.5 reference used for IC1 
is adjusted to have this voltage drop, 
the temperature coefficient or ‘tem- 
pco’ of its voltage drop is very close 
to zero — staying constant over a wide 
temperature range (0-50°C). 

IC2a and Q1 are used together with 
their associated components to gener- 


OUTPUT 
REFERENCE 


Fig.3: an instrumentation amp consists of three 
internal op amps, two used as matched input buffers 
for the third one (AMP3) connected as a difference amp. 





ate a constant force current through 
the adaptor’s force terminals, using 
the 2.490V voltage drop established by 
IC1 as its reference. They do this very 
simply: IC2a increases the base current 
to Q1 until the voltage level at Q1’s 
emitter (fed to pin 2 of IC2a) matches 
the voltage level fed to pin 3 by IC1. 
The base current is then stabilised at 
this level and this in turn stabilises 
the transistor’s emitter and collector 


1 PC board, code 04102101, 91x57mm 

1 UB3 (130 x 68 x 44mm) utility box 

2 8-pin machined pin DIL IC sockets 

1 DPDT mini toggle switch (S1) 

2 SPDT mini toggle switches (S2, S3) 

2 4mm binding posts, red 

2 4mm binding posts, black 

1 4mm banana jack socket, red, 

1 4mm banana jack socket, black 

4 15mm long M3 tapped spacers 

8 6mm long M3 machine screws 

1 9V battery, alkaline or lithium 

1 9V battery snap lead 

4 self-adhesive rubber feet 

12 1mm diam. PC board terminal pins 

1 200mm length red insulated light 
duty hookup wire 

1 200mm length black insulated light 
duty hookup wire 


Semiconductors 

2 LM336Z-2.5 +2.5V regulators 
(IC1,1C4) 

1 LM358 dual op amp (IC2) 

1 AD623AN instrumentation amp (IC3) 

1 BC559 PNP transistor (Q1) 

4 1N4148 100mA diodes 
(D1,D2,D4,D5) 

1 1N4004 1A diode (D3) 


Capacitors 

1 220uF 16V RB electrolytic 

1 10uF 16V RB electrolytic 

1 100nF 100V MKT metallised 
polyester 

2 47nF 100V MKT metallised polyester 


Resistors (0.25W 1% unless specified) 


1 27kQ 1 22kQ) = 2 6.2kQ 

12.7kKQ 4 1kQ 1 680Q 

1 300Q 11002 1 68 

2 10kQ 25t vertical trimpot (code 103) 
(VR1,VR6) 

2 5kQ 25t vertical trimpot (code 502) 
(VR2,VR3) 

2 500Q 25t vertical trimpot (code 501) 


(VR4,VR5) 
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currents as well. 

Since the voltage level at 
the emitter of Q1 is set by the 
current flowing in the resist- 
ance between the emitter 
and the positive supply rail, 
we can set the force current 
level by adjusting the emitter 
resistance. 

We provide the adaptor 
with two measuring ranges 
by using switch S2 and the 
various resistors in Q1’s 
emitter circuit to provide 
two different preset emitter 
resistances, corresponding 
to two preset force current 
levels. 

For example when S2 is in the po- 
sition shown, the transistor’s emitter 
resistance consists of the fixed 2.7kQ , 
1kQ and 27kQ resistors together with 
trimpot VR2. By adjusting VR2 we are 
thus able to set the total effective emit- 
ter resistance to 2.490kQ , which sets 
the collector current of Q1 (ie, the force 
current) to a level of 2.49V/2.49kQ, or 
exactly 1.000mA. 

Alternatively if S2 is switched to 
the ‘0-1.000Q’ position, the 300Q 
and 1kQ fixed resistors plus trimpot 
VR3 are connected in parallel with 
the existing emitter resistances, and 
by adjusting VR3 we are now able to 
set the total effective emitter resistance 
to 249.0Q. This sets the collector cur- 
rent of Q1 toa level of 2.49V/249Q , or 
exactly 10.00mA. 

So switch S2 allows us to set the 
adaptor’s force current level to either 
1.000mA or 10.00mA, and that’s how 
we provide its two measuring ranges. 

As mentioned earlier, the section of 
the circuit to the right of the sensing 
terminals (SENSE+ and SENSE-) acts 
as a DC amplifier which takes the small 
voltage drop across our unknown 
resistor Rx (produced by the force cur- 
rent flowing through it) and amplifies 
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it before feeding it out to the DMM for 
measurement. 

We use an AD623AN instrumenta- 
tion amp (IC3) for this job, because 
the requirements are fairly stringent: 
we need high and stable DC gain 
(100 times) coupled with high input 
impedance, very low input offset and 
high ‘common mode rejection’. These 
requirements are most easily met by 
using an instrumentation amp like the 
AD623AN. 

By the way if you’re not familiar 
with instrumentation amps, a simpli- 
fied version of their most common in- 
ternal configuration is shown in Fig.3. 

As you can see they consist of three 
conventional op amps, with the third 
one (AMP3) operating as a difference 
amplifier. 

The other two amps are configured 
as input buffers, to give each input of 
AMP3 a high input impedance. At the 
same time the gain of the two input 
buffers is carefully matched by laser 
trimming of their feedback resistors 
R1 and R2. This matching is also done 
for the resistors around AMP3, and the 
end result is not only very low input 
offset but very high common mode 
rejection as well. 
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Fig.4: follow this component overlay (along with the same-size photo at right) when 
assembling your Milliohm Adaptor and you shouldn’t have any problems. 


Because of the balanced nature of 
the two input buffers their gain (and 
that of the complete instrumentation 
amp) can be set by varying a single 
external resistor, Rg. 

Note that although the ‘output 
reference’ terminal of AMP3 in Fig.2 
is shown as earthed, we use this con- 
nection of the AD623AN in the main 
circuit to allow fine zero adjustment 
of IC3. 

The 680Q fixed resistor and trimpot 
VR4 connected between pins 1 and 8 
of IC3 are used to adjust the gain of the 
amplifier stage to exactly 100 times 
(ie, they correspond to Rg in Fig.2). 
As a result VR4 is used to calibrate 
the adaptor/DMM combination for the 
most accurate readings. 

As yet we haven’t mentioned IC4 — 
which as you have probably noticed 
already is a second LM336Z-2.5 volt- 
age reference, just like IC1. 

It’s also connected in the same way 
as IC1, with diodes D4 and D5 plus 
trimpot VR6 used to allow its voltage 
drop to be set to 2.490V — providing 
a near-zero temperature coefficient. 
So its function is to provide a tem- 
perature stabilised source of +2.490V 
(with respect to ground in this case), 
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red red black red brown 
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red violet black brown brown 
brown black black brown brown 
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orange black black black brown 
brown black black black brown 
blue grey black gold brown 
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measurable between test points TP2+ 
and TP2-. 

Why do we need another source 
of stabilised DC voltage? Because al- 
though the AD623AN instrumentation 
amp is particularly good in terms of 
very low input offset, like all compo- 
nents in the real world it isn’t perfect. 

So in order to set the output to the 
DMM to exactly 0.000V when IC3 
has zero input voltage (ie, when the 
SENSE+ and SENSE- terminals are 
shorted together and also connected 
to ground), we need to vary the DC 
voltage connected to pin 5 of IC3 over 
a very small range relative to circuit 
ground. 

That’s the purpose of trimpot VR5, 
which forms the lower leg (together 
with the 100Q resistor across it) of a 
voltage divider connected across the 


The completed PC board mounts upside-down in the utility box so that its switches (and trimpot access holes) emerge . 





The two sets of “horizontal” PC pins at the top centre and bottom left of the PC 
board are test points, not normally connected. 








stabilised 2.490V source provided by 
IC4. The upper leg of the divider is 
the 22kQ resistor, so by adjusting VR5 
we are able to vary the voltage level at 
pin 5 of IC3 between OV and approxi- 
mately +10mV. This may seem small, 
but it’s quite sufficient to allow setting 
the adaptor’s output to zero — within 
a tiny fraction of a millivolt. 

As you can see the complete adap- 
tor circuit operates from a single 9V 
alkaline battery, with switch S3 used 
to control power and diode D3 to pre- 
vent circuit damage in the event of the 
battery being connected with reversed 
polarity. This means that all of the 
adaptor operates from the unregulated 
+8.4V (nominal) supply rail. We can 
do this because IC1 and IC4 stabilise 
the only critical reference voltages. 

Incidentally, the battery drain of 


the adaptor when operating on the 
0-1.000Q range is around 14mA, drop- 
ping to around 4mA on the 0-10.00 
range. The difference is of course due 
to the change in force current level. 


Construction 

As you can see from the photos, 
the adaptor is housed together with 
its 9V battery in a standard UB3 size 
jiffy box (130 x 68 x 44mm). Inside 
the box, all of the components apart 
from the measurement terminals and 
output sockets are mounted directly 
on a small PC board, coded 04102101 
and measuring 91 x 57mm. 

The PC board is supported inside 
the box using four 15mm long M3 
tapped spacers. The four measurement 
terminals are mounted in one end of 
the box, while the two output sockets 
are mounted in the other end. 

Although there is a reasonable 
number of components on the board, 
assembly should be quite easy if you 
use the overlay diagram and internal 
photos as a guide. There are no wire 
links to be fitted but there are 12 PC 
board terminal pins — four for the 
two pairs of test points and the other 
eight for the off-board connections to 
the measurement terminals, output 
sockets and battery snap lead wires. 

Fit these pins first, taking care to fit 
the test point pins from the component 
side of the board and the other pins 
from the copper side. This makes it 
easier to connect to the latter pins 
after the board assembly is fitted into 


through the bottom of the case — which with the addition of a suitable label becomes the front panel. The box lid, with 


adhesive rubber feet, then becomes the base of the project. (See also Fig.6, overleaf). 
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HOLES A: 8mm DIAM 
HOLES B: 8.5mm DIAM 








(MEASUREMENT , TERMINAL END) 


Fig.5: drilling detail for the two ends of 
the UB3 utility box. You will also need 
to drill nine holes in the “bottom” of 
the box - use a photocopy or printout 
of the front panel artwork (Fig.7 
overleaf) as a drilling template. 


the box. 

After the terminal pins are fitted 
and soldered in place, you can fit the 
sockets for IC2 and IC3. Follow these 
with the three mini toggle switches, 
as you may need to use a small needle 
file to convert the matching holes in 
the board into a rectangular shape to 
accommodate the connection tags on 
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the rear of the switches. The tags 
of each switch need to pass down 
through the board holes as far as 
they'll go, before soldering to the 
pads underneath. 

With all three switches fitted, 
the next components to add are 
the fixed resistors. Make sure you 
fit these in their correct positions 
as shown in the overlay diagram, 
because otherwise you adaptor 
may not work correctly. If neces- 
sary, use your DMM to check the 
value of each resistor before it’s 
fitted in place and soldered. 

Follow the fixed resistors with 
the five capacitors. Three are of 
the unpolarised MKT metallised 
polyester type and the remaining 
two of the polarised electrolytic 
type. Make sure you fit these two 
with the polarity shown in the 
overlay diagram. 

Next fit the trimpots, which are 
all of the miniature multi-turn 
type with their adjustment shaft 
in one top corner. Be careful in 
fitting these, not only to fit the 
correct value pot in each position 
(there are two 10kQ pots, two 
5kQ pots and two 500Q pots) but 
also to make sure that each pot is 
orientated the correct way around 
as shown in the overlay diagram. 
VR1, VR2 and VR3 are orientated with 
their adjustment shaft at upper right, 
while the other three trimpots have the 
opposite orientation with the adjust- 
ment shaft at lower left. 

If you don’t mount them this way 
you won't be able to adjust them easily 
when the board assembly is mounted 
inside the box. 


ADAPTOR PC BOARD 


(ATTACHED TO BOX VIA 4 x 15mm 
LONG M3 TAPPED SPACERS & 
8 x 6mm LONG M3 SCREWS) 


(BOX LID BECOMES BASE) 











The final components to fit to the 
board are the semiconductors, start- 
ing with five diodes. Take care to fit 
them the correct way around. Note 
too that D3 is a 1N4004 diode rated 
at 1A, while the others are smaller 
1N4148 diodes. 

After the diodes are in place, fit 
transistor Q1 and the two TO-92 volt- 
age reference ICs, IC1 and IC4, again 
watching their orientation. Your board 
assembly will then be complete, apart 
from the two plug-in ICs. 

We suggest that you only plug in 
IC2 at this stage. IC3 is best left out 
until the initial setting up has been 
done, because it’s a fairly expensive 
chip and could possibly be damaged 
before the force current levels have 
been set correctly. 

For the moment just place the nearly 
completed board assembly aside while 
you prepare the box by drilling the 
various holes that are needed. 

There are no holes to be drilled in 
the box lid, as this is used purely as a 
screw-on base for this project. All of 
the ‘works’ is mounted inside the box 
proper, as you can see from the photos 
and the side view assembly diagram. 

There are several holes to be drilled 
in the box bottom, as this becomes the 
Adaptor’s top/front panel. A photo- 
copy of the front panel artwork (or a 
printout of the panel artwork file from 
siliconchip.com.au) can be used as a 
template for locating and drilling these 
holes. The small holes should all be 
3.5mm diameter, while the three larger 
holes (for the switch ferrules) should 
all be 7mm diameter. 

The location and sizes of the holes 
in the ends of the box are shown in 





UPPER (FORCE) 
BINDING POSTS 











A LOWER (SENSE) 
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Fig.6: this “X-ray” view through the utility box side shows how it all goes together. Not seen here are the two red binding 
posts which, are directly behind the black posts. The 9V battery could be mounted in its own holder or, if you want to save 
a couple of dollars, do as we did - simply hold it in place with some Gaffer or duct tape! 
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the diagram of Fig.5. Once these holes 
have been drilled (and if necessary 
reamed to size), you can fit the meas- 
urement terminals and the output 
jack sockets into them, taking care to 
tighten their nuts firmly so they won’t 
come loose in use. 

Before your Adaptor’s PC board as- 
sembly can be fitted into the completed 
box, it needs to have some of its initial 
setup adjustments made. These are 
done with the PC board assembly on 
the bench, and powered by either its 
own 9V battery or a suitable 9V mains 
power supply. 


Initial setup adjustments 

All of the adjustments can be made 
using a standard DMM, which can be 
the one you'll be using the Adaptor 
with later, if you wish. 

The first adjustments to be made 
are of the two temperature coefficient 
zero pots VR1 and VR6, and for both 
of these adjustments you use the DMM 
set to its 0-4V, 0-10V or 0-20V DC 
range. To adjust VR1, you simply con- 
nect the DMM test leads to test points 
TP1+ and TP1- and then adjust VR1 
with a small screwdriver until you get 
a reading of 2.490V (or as close to this 
figure as you can get). This done, you 
can transfer the DMM leads to TP2+ 
and TP2- and now adjust VR6 in the 
same way, to get a reading of 2.490V. 

This completes the first two adjust- 
ments, and you’ll be ready to make 
the next two. For these the DMM is 
switched to its low DC current ranges 
and this time its leads are connected 
to the FORCE+ and FORCE- terminal 
pins on the right-hand end of the 


P Soteeiesteniaaian 


ZERO FORCE 


CURRENT TEMPCO 


() 


D 


SILICON 
CHIP 


® 


ie 
6 
=< 
= 
a~ 
a 
es 
eS) 
L— |b 
oi 
= 
338 
S 
= 


6 


SET ZERO 
TEMPCO 


Fig.7: same-size front panel artwork. This can be photocopied (o 
the file on www.siliconchip.com.au) and _ preferably laminated before glueing onto 
the UB3 box base. First, though, drill the three switch holes and six pot access holes. 
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® 


SET ZERO 


board — with the positive lead con- 
nected to FORCE+ and the negative 
lead to FORCE-. 

Switch S2 with its toggle towards 
the right (ie, in the 0-10.00Q position), 
and your DMM should give a current 
reading somewhere in the vicinity 
of 1mA. Change the DMM’s range if 
necessary to provide the best possible 
resolution, and then adjust trimpot 
VR2 until you get a reading as close 
as possible to 1.000mA (= 1000uA). 

Once this has been achieved switch 
S2 to its other position (0-1.0Q ), which 
should cause the current reading 
to jump to a higher figure — around 
10mA. Again adjust the DMM range 
if necessary to get optimum reading 
resolution and then adjust trimpot 
VR3 to bring the reading as close as 
possible to 10.00mA. 

That will complete the initial setup 
adjustments and you're almost ready 
to fit the PC board assembly inside 
the box. Turn off the power with S3 
and then remove the 9V battery from 
its snap lead. Attach the four 15mm 
x M3 tapped spacers to the top of the 
board using four 6mm long M3 screws 
passing up from underneath. Tighten 
the screws firmly to make sure they 
don’t become loose later. 

Now take IC3 from its protective 
packaging and plug it carefully into 
its socket at lower right on the board, 
making sure that it’s orientated as 
shown in the overlay diagram. 


Final assembly 

To begin the final stage of assembly, 
remove the upper mounting nut from 
each of the three toggle switches S1-S3 
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and then adjust the lower nuts to bring 
the lockwasher and flat washer on each 
ferrule up to a level as close to 15mm 
above the top of the board as you can 
—that is, level with the tops of the four 
board mounting spacers. You might 
find a small steel rule helpful here. 

Now, with the upper nuts still off 
the switch ferrules, the idea is to 
hold the PC board assembly upright 
while you lower the main part of the 
Adaptor’s box down over it (with the 
correct orientation, of course!) until 
the switch toggles and then the tops of 
their threaded ferrules pass up through 
their matching holes in the box. 

They should be protruding by about 
1.5-2mm by the time the tops of the 
mounting spacers are up against the 
upper inside of the box, allowing you 
to attach the three remaining switch 
nuts to each switch ferrule to hold eve- 
rything together. Then you'll be able 
to fit the four remaining 6mm long M3 
screws to secure the board mounting 
spacers to the box as well. 

The screws should be tightened 
quite firmly, whereas the switch nuts 
need only be ‘finger tight’. 

The final step in assembling your 
Milliohm Adaptor is to upend the 
box and fit the short connecting wires 
which connect the measurement bind- 
ing posts and output sockets to their 
corresponding terminal pins on the 
PC board. The connections for each of 
these wires is shown in the overlay/ 
wiring diagram, so if you follow this 
methodically you shouldn’t make any 
mistakes. 

By the way there’s no need to use 
heavy-gauge wire for any of these wires 
—. -— ordinary insulated hookup 
wire is fine, because of the four- 
terminal measurement system. 

Once these wires have all been 
fitted, you can mount the Adap- 
tor’s 9V battery on the inside 
lid/bottom of the box, securing 
it in place with either a small 
aluminium clamp bracket or a 
short length of ‘gaffer’ tape. 

Then the snap lead can be 
reconnected to the battery after 
making sure that power switch 
S3 is in the ‘off’ position and 
finally the lid/base can be at- 
tached to the main part of the 
box using the four self-tapping 
screws provided. 


=> 


> 


Final setup 
Your Milliohm Adaptor is 
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Fig.8: use this test jig to set up your Milliohm 


Adaptor, as described in the text below 


now complete and ready for its final 
setup adjustments. To prepare for 
these connect your DMM’s test leads 
to the Adaptor’s output jacks, using 
whatever lead(s) will ultimately be 
used to connect the two and with the 
correct polarity. 

Then switch on power to the DMM 
and switch it to a low DC voltage range 
— whichever range allows you to read 
voltage up to a bit over 1.000V with the 
best possible resolution. This will be 
the same range you'll be using when 
the Adaptor is ultimately being used 
with the DMM, of course. 

Before you turn on power to the 
Adaptor itself using S3, first connect 
BOTH ofthe Adaptor’s S+ and S- bind- 
ing posts to the F- binding post, using 
short lengths of tinned copper wire. 
Next make sure that switch S1 is in 
the EXT sensing position (toggle to the 
right) and also that there is NO connec- 
tion to the Adaptor’s F+ binding post 
because it should be left unconnected 
for this next adjustment. 

When you switch on power to the 
Adaptor using S3, you'll very likely 
get a very small but significant reading 
on the DMM ~a few millivolts, in all 
probability. 

The idea is to reduce this reading to 
zero (or as close as you can get) using 
a small screwdriver to adjust trimpot 
VR5 via its matching adjustment hole 
in the top of the box (at lower centre). 
You'll find that if you adjust VR5 one 
way the DMM reading will increase, 
while if you adjust it the other way it 
will decrease. So setting the correct 
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‘zero’ position is quite easy. 

After this there will now 
be only one further setup ad- 
justment to make: the correct 
setting for gain trimpot VR4, 
so that the Adaptor and DMM 
combination will give accu- 
rate low resistance readings. 

To prepare for this final 
adjustment switch off the 
Adaptor’s power using S3 
and then remove the wires 
that were previously used to 
connect the S+ and S- binding 
posts to the F- binding post for 
the zero adjustment. 

Then take a 1% tolerance 
(or better) metal film resistor 
with a known value of close 
to 10.00Q (measured with 
your own DMM, perhaps, or 
ideally with another DMM of 
higher accuracy), and connect 
the ends of its leads to the 
upper binding posts of the Adaptor 
(F+ and F-). Then use a pair of short 
clipleads to connect the innermost 
point on each of the resistor’s leads 
to the corresponding sensing binding 
post, as shown in Fig.8. 

Now make sure that switch $1 is in 
the EXT sensing position and also that 
range switch S2 is in the 0-10.0Q posi- 
tion (toggle to the right). Then switch 
on the Adaptor’s power switch S3. 

You should see a reading of around 
1.000V on the DMM, corresponding 
to the resistor’s value converted using 
the factor 1mV/10mQ. 

All that you now need to do is adjust 
trimpot VR4 using a small screwdriver 
until the DMM reading corresponds 
to the known value of your nominal 
10Q resistor. Your Milliohm Adaptor 
will then be set up, calibrated and 
ready for use. 


Using it 

Putting the Adaptor to use is quite 
easy. It’s simply connected up to the 
DMM as it was for the final setup 
adjustments and with the DMM set 
for the same low voltage DC range 
(to give the best measurement resolu- 
tion). Then you connect the low-value 
resistor to be measured to all four 
binding posts, as for the final setting 
up adjustment. 

You can either connect the resistor 
as shown in Fig.8, or use four sepa- 
rate clipleads if the resistor can’t be 
brought up to the force current bind- 
ing posts. 


To make the measurement, you 
simply make sure that S1 is in the EXT 
sensing position and that S2 is set for 
the more appropriate measurement 
range (ie, either 0-1.000Q or 0-10.00 , 
depending on the resistor’s value). 

Then switch on power using S3 
and the DMM reading will show the 
unknown resistor’s measured value — 
in millivolts, and with a scaling factor 
of either 1mV/1mQ or 1mV/10mQ 
depending on the range you're using. 

So using the Adaptor to make four- 
terminal measurements of low value 
resistors is really pretty easy, isn’t it? 

As mentioned earlier though, it 
can also be used to make ‘quick and 
dirty’ (ie, less accurate) two-terminal 
measurements, if you’re in a hurry 
and accuracy isn’t all that important. 

To make two-terminal measure- 
ments, all you need to do is switch 
S1 to the INT sensing position and 
connect the resistor to be measured 
only to the F+ and F- binding posts 
— ideally with the shortest practical 
lead lengths. 

Then when you turn on the Adap- 
tor, the DMM will give you a ‘pretty 
close’ reading of your unknown resis- 
tor’s value. $C 
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Looking for a really accurate clock? This simple addon board 
for the WIB (Web Server In A Box) displays the time and date, 
as gathered from an internet time server. You can use it as a 
clock you never need to adjust and it can even be configured 
in the WIB to automatically adjust for daylight saving time. 


N THE NOVEMBER & December 

2009 issues of SILICON CHIP, we pub- 
lished the WIB (Web Server In a Box), 
an ethernet-based web server with 
a memory card. This simple add-on 
board allows the time and date to be 
displayed on a 7-segment 4-digit LED 
display. The time is gathered from the 
internet and is re-synchronised every 
10 minutes by the WIB for update on 
the display. 

In operation, the time and date in- 
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formation gathered by the WIB is sent 
to the add-on module via the on-board 
serial port. The hours, minutes, sec- 
onds, day, month and year can all be 
displayed. A single pushbutton switch 
allows you to scroll through the time 
and date readings or you can set the 
unit to automatically scroll through 
the time and date displays. 


Circuit operation 
Take a look now at the circuit dia- 





gram of Fig.1. It’s based on a single 
microcontroller (IC1), in this case a 
PIC18F1320. Apart from that, there’s 
just the four 7-segment LED displays, 
12 transistors to drive the displays and 
a handful of minor parts. 

To keep the cost down, an 8MHz 
RC oscillator internal to IC1 is used 
as the system clock. Its accuracy is 
quite sufficient for our purposes — it 
really only affects the baud rate of 
the UART (universal asynchronous 
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Sf WIB TIME DISPLAY MODULE 


Fig.1: the circuit uses microcontroller IC1 to process the serial data from the WIB PC board. IC1 then drives four 


7-segment LED displays in multiplex fashion via switching transistors Q1-Q12. 


receiver/transmitter) used to receive 
the time and date information from 
the WIB and in any case, the baud 
rate is synchronised automatically to 
the baud rate of the UART in the WIB 
(more on this later). 

In operation, [C1 receives the time 
and date information on its Rx pin (pin 
10). This data is then processed by the 
internal firmware and IC1 then drives 
the 7-segment LED displays (DISP1-4) 
in multiplex fashion via switching 
transistors Q1-Q12. 

The 7-segment LED displays each 
have a common cathode and these are 
driven (one at a time) by the RA3-RAO 
outputs of IC1 via NPN transistors 
Q9-Q12. A single 2Q resistor is used 
to limit the peak current through the 
displays. This needs to be substantial 
to obtain reasonable brightness. 

The 330Q resistors provide base cur- 
rent limiting for the transistors. 

By contrast, the corresponding 
anodes of each display digit are con- 
nected together and these are driven 
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by IC1 via PNP transistors Q1-Q8. 
Transistors Q1-Q7 drive the segments, 
while Q8 drives the decimal point. 

Switch S1 is used to scroll between 
the time and date displays and to select 
the display mode. Normally, pin 4 
(RA5/MCLR-bar) of IC1 is pulled high 
via a 1kQ resistor but each time S11 is 
pressed, pin 4 is pulled low. 

A short press, ie, less than 1s, scrolls 
to the next display, while a long press 
(longer than 1s) is used to change the 
display mode. This is described in 





greater detail later in the article. 

Power for the circuit is derived from 
the +3.3V rail on the WIB board and 
is fed via connector CON1. A 470uF 
electrolytic capacitor and a 100nF 
monolithic capacitor provide supply 
decoupling for the module. 

The PGC, PGD and MCLR-bar lines 
are used only for programming the PIC 
microcontroller, if necessary. These 
inputs are all made available on CON1, 
as are the power supply and receive 
(Rx) connections. A transmit output 


WIBSimelDisplayaModule-aMaingkeatures 


Displays local time and date derived from an internet time server 
Can be configured in the WIB to automatically adjust to daylight saving 


time 


Six different display modes for time and date (including static and 


scrolling displays) 


Three line interface to the WIB with automatic baud rate adjustment 
Persistent settings (settings stored in EEPROM) 
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Fig.2: all the parts are assembled on a single PC board measuring 76 x 69mm. Take care with the orientation of 
switch S1 and the microcontroller and be sure to use the correct transistor type at each location. 


alt Smisisit 


1 PC board, code 07102101, 76 
x 69mm 

1 piece of red Perspex, 51 x 
18mm 

4 M3 x 25mm Nylon screws 

4 M3 x 12mm Nylon spacers 

4 M83 Nylon nuts 

1 18-pin IC socket 

2 20-pin IC socket strips or 1 x 
40-pin IC socket (to be cut in 
half) 

1 SPST PC-mount momentary 
switch (Jaycar SP-0721, 
Altronics S-1096) 

1 0.5m-length of 0.7mm tinned 
copper wire (for links) 


Semiconductors 

1 PIC18F1320-I/P microcontroller 
programmed with 0710210A. 
hex (IC1) 

8 BC327 PNP transistors (Q1-Q8) 

4 BC337 NPN transistors (Q9- 
Q12) 

4 7-segment red common 
cathode LED displays (Jaycar 
ZD-1855, Altronics Z-0190) 


Capacitors 
1 470uF 16V electrolytic 
1 100nF monolithic 


Resistors (0.25W, 1%) 
1 1kQ 1 2Q 
12 33002 
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from the microcontroller has also been 
made available but is unused in this 
application. 


Firmware overview 

The firmware scans the pushbutton 
switch (S1), debounces it and differ- 
entiates between a short and a long 
press. It also listens for activity on the 
serial port. 

In operation, the time and date are 
sent by the WIB (when the time mod- 
ule is enabled) as a packet of bytes. 
Note that the time module in the WIB 
must be enabled via the SNTP set-up 
page, as shown in Fig.5 (ie, in the de- 
fault website supplied with the WIB). 

The baud rate is gathered automati- 
cally from a synchronisation header 
in the packet. This means that the 
module will work with any serial port 
baud rate of between 600 and 115,200 
bps (although even higher speeds will 
work). 

When the firmware receives a 
packet, it will display it according to 
the currently set display mode. There 
are seven display modes in total, as 
outlined below and switch S1 is used 
to select between them. 

Note that any settings made using 
S1 are persistent, ie, they are stored 
in EEPROM and are retained if the 
power is switched off. These settings 
include the display mode, whether 
the time is displayed in 12 or 24-hour 
format, and the order in which the day 








and month are displayed. These are 
preferences that can vary according 
to locality but the default values are 
good for Australia. 


Building it 

The WIB Time Display Module is 
built on a single-sided PC board coded 
07102101 and measuring 76 x 69mm. 
Fig.2 shows the assembly details. 

Before starting the construction, you 
should inspect the board for defects, 
including shorts between tracks and 
open circuit tracks. That done, you can 
begin by installing the 19 wire links. 
Many of these go under the LED dis- 
plays, so it’s vital that they go in first. 

You can use 0.7mm (or similar) 
tinned copper wire for the links. These 
links should all be nice and straight, 
so that they don’t short together. If 
necessary, you can straighten the link 
wire by clamping one end ina vice and 
then stretching it slightly by pulling 
on the other end with a pair of pliers. 

Once the links are in, you can move 
on to the resistors. There are just three 
different values and you should refer 
to the resistor colour codes in Table 
1 to distinguish between them. You 
should also check them using a digital 
multimeter, just to make sure. 

Make sure that the correct value is 
installed at each location. 

Next, the eight BC327 PNP transis- 
tors can be soldered in place. These 
are transistors Q1-Q4 on the left and 
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Fig.3: the drilling and cutout diagram for the lid of the case. The display cutout can be made by drilling a series 
of holes around the inside perimeter, then knocking out the centre piece and filing to a smooth finish. 


Q5-Q8 on the right. They will only go 
in one way but be sure to install them 
in the correct locations. 

Once these are in, you can install 
the four BC337 NPN transistors. These 
are transistors Q9-Q12 and they are 
located just below DISP2 and DISP3. 

The next thing to do is to solder in 
the socket for IC1. Note that the notch 
must match the component overlay 
shown in Fig.2. 

If you are building the WIB Time 
Display Module from a kit, the mi- 
crocontroller will be supplied pre- 
programmed. If not you will need 
to program it with the firmware file 
0710210A.hex which can be down- 
loaded from the SILICON CHIP website. 

Once programmed, install IC1 in its 
socket with the correct orientation. 


Mounting the displays 
The four 7-segment LED displays are 
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Fig.4: this cross-sectional diagram shows how the WIB Time Display 
Module is secured to the lid of the case. It’s mounted on four M3 x 
12mm Nylon spacers and secured using M3 x 25mm Nylon screws. 


mounted by plugging them into two 
20-pin socket strips. You can either 
use SIL pin socket strips for this job 
or you can cut a 40-pin IC socket into 
two 20-pin strips. 

Once the pin strips are in, plug the 
four displays in with their decimal 
points are at bottom right. Be sure to 


brown black red brown 
orange orange brown brown 
red black gold gold 


push each display downas far as it will 
go and make sure that all the pins go 
into the sockets. 

Switch S1 is next on the list. It 
must be installed with the flat side of 
its body oriented as shown in Fig.2. 
The assembly can then be completed 
by installing the two capacitors and 


ablemraResistomGolourmGodes 


4-Band Code (1%) 


5-Band Code (1%) 

brown black black brown brown 
orange orange black black brown 
red black black silver brown 
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Fig.5: in order for the clock to work, you have to enter in the settings for a valid 
NTP server in the NTP Settings page of the default website supplied with the WIB. 
You also have to enable the Time Module by clicking the “1” button (circled in red). 
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Fig.6: the default Serial Port Baud Rate of 115200 (circled) can be left as it is on the 
Home page of the default website but just about any value between 600 and 115,200 
bps can be used as the display module automatically synchronises to the baud rate. 








8-way socket connector CON1. 
Take care with the orientation of the 
470uF capacitor. 


Connecting it to the WIB 


As shown in Fig.2, only three leads 
are required to connect the Time Dis- 
play Module to the WIB PC board. 
The +3.3V (Vdd) and GND (ground) 
connection can be picked up at the 
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screw terminal blocks, while the Rx 
connection must be connected to the 
Tx (UART transmit) output pin on 
CONS of the WIB. 

You can either make the connections 
to CON1 & CON5 by soldering the 
leads to the underside of the PC boards 
or you can plug the leads directly into 
the sockets and apply a small amount 
of solder to secure them. 





Because of the higher current con- 
sumption when the display module 
is connected, you will need a higher- 
rated plugpack than the one origi- 
nally specified in the November 2009 
article. In that article, we specified a 
6-9V 300mA plugpack but you should 
make that a 6-9V 500mA plugpack if 
you are using the WIB Time Display 
Module as well. 

The existing regulator on the WIB 
board will cope with the increased 
current without problems, although 
it will run warmer. 


Boxing it 

The completed PC board can either 
be mounted in a separate case or it 
can be installed in the WIB case. If 
you choose the latter, then you will 
have to drill some additional holes in 
the lid and make a cutout for the LED 
displays. 

Fig.4 shows the drilling details for 
the lid. You can make the display 
cutout by drilling a series of holes 
around the inside perimeter of the 
marked area, then knocking out the 
centre piece and filing the job to a 
smooth finish. 

Once the holes have been drilled, 
the module can be mounted in posi- 
tion on four M3 x 12mm Nylon spacers 
and secured using M3 x 25mm Nylon 
screws — see Fig.4. That done, test fit 
the two halves of the case together 
without the end pieces and check that 
there is adequate clearance between 
the two boards (ie, no shorts). 

If everything is correct, the case can 
then be fully assembled and the lid 
secured in place using the self-tapping 
screws supplied. A 51 x 18mm piece 
of red Perspex can be pushed into the 
display cutout to give a good finish. A 
couple of dabs of epoxy adhesive on 
the edges will hold it in place. 

The red Perspex diffuses the light 
and makes the digits look uniform in 
brightness. 


Auto baud rate detection 

As stated previously, the firmware 
in the WIB Time Display Module uses 
automatic baud rate detection. This 
means that the module will work with 
most serial port baud rates between 
600 and 115,200 bps. 

Make sure, however, that the time 
data is being sent out by the WIB. This 
is done by enabling it in the SNTP 
window of the default website sup- 
plied with the WIB (and downloadable 


siliconchip.com.au 





from the SILICON CHIP website). 

Basically, you have to enter in the 
settings for a valid NTP server as de- 
scribed on pages 90-91 of the Decem- 
ber 2009 issue. You then have to turn 
on the Time Module by clicking the 
“1” button (circled on Fig.5). 


Timeout display 

In normal operation, the WIB sends 
out data packets containing the cur- 
rent time and date to the Time Display 
Module via the serial port. However, 
if the Time Display Module does not 
receive a packet during the timeout 
period (about 3s), it will change its 
display to four dashes and a periodi- 
cally blinking decimal point. 

This means that the time module 
does not have valid time and date 
data to display. This can occur when 
the Time Module function is disabled 
in the WIB. 

A timeout can also occur if the 
UART baud rate in the WIB is sud- 
denly changed (ie, on the home page 
of the supplied website). In this case, 
the Time Display Module will initially 
show the timeout display described 
above. However, it will then auto- 
matically adjust to the new baud rate 
within a matter of seconds and again 
begin displaying the correct time. 


Display modes 

Before applying power to the unit, 
check the board carefully for incorrect 
parts placement and missed solder 
joints. Once you are satisfied that all 
is OK, apply power to the WIB and 
check the display. The unit should 
initially show the timeout display 
(four dashes) but should then begin 
displaying the correct time once the 
WIB has booted up and accessed an 
Internet time server. 

The default display is 24-hour time 
(hours and minutes) but this can be 
altered, as explained below. 

As stated previously, S1 is used to 
change the display readings and the 
mode of operation. The circuit re- 
sponds to two types of button presses 


Available Aust, only. Pri 
fill in and mail the handy order form in this issue; or fax (02) 9939 2648; or call (02) 











—a short press of less than 1s and a 
long press of greater than 1s. 

A short press always takes you to the 
next display reading, ie, from hours 
and minutes to minutes and seconds 
and then to the day and month and 
then to the year and so on. 

Let’s take a closer look at the differ- 
ent display reading and modes: 

Mode 1: time in either 24-hour or 12- 
hour mode, consisting of the hour and 
minutes with a decimal point between 
them blinking at 2Hz. 

Mode 2: time in minutes and seconds 
format, with a decimal point blinking 
at 1Hz. 

Mode 3: the date in either day.month 
or month.day format, together with a 
periodically blinking display showing 
the word day. 

Mode 4: the year as a 4-digit number, 
together with a periodically blinking 
display showing the word year. 
Mode 5: the time and date shown as a 


Fig.7: this diagram shows the different 
display modes that can be accessed 

by pressing switch S1 - see text. 

Note that the time can be shown in 
either 24-hour or 12-hour format. The 
date can also be shown, as can the 
firmware version, and the display can 
be turned off. 


continuously scrolling string. 

Mode 6: the time, including the hour, 
minutes and seconds, shown as a 
continuously scrolling string. 

Mode7: the firmware version shown as 
an “F” followed by the 3-digit version 
number (useful for debugging). 

Mode 8: Off (the display is not driven). 


Long button presses 


A long button press gives a differ- 
ent display mode, depending on the 
display mode that you are already in. 
These are as follows: 

(1) In Mode 1, it toggles the 24-hour 
mode on and off. 

(2) In Mode 2, it takes you back to 
Mode 1. 

(3) In Mode 3, it toggles whether the 
date is shown as day.month (eg, for 
Australia) or month.day (eg, for the 
US). 

In Modes 4-8, long button presses 
are ignored. sc 
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A0160 
RRP $69.95 












Wireless Weather Monitor 


No messy wiring or configurations! The jumbo 7” 
screen displays time, date, air pressure, in/out- 
door humidity, in/outdoor temperature, forecast 
icons, trend indicators, air pressure bargraph 
Alarm clock with snooze function. Max/min 
memory plus temperature alerts. Wireless sensor 
with 30m range (not waterproof). *Note: the 


moon, tide, sunrise & sunset functions of this unit do not 
operate in the southern hemisphere 


USB Microscope Camera: 
View Up To 200x Closer! 


A great education or visual aid, 
plus its loads of fun for the kids! 
Boasting a high 200x magnification, 
it's great for electronic inspection, 
learning or visual aid (reads fine 


print with ease!). Provides a live ry 
] 


motion, view via its inbuilt 


= 
S 
o 
in 






camera, plus still shot func- 
tion. LED illumination 
ensures you always get a 
clear, crisp view. 

Focuses down to 5cm! © 


i} 
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*99 


64mb of R 


X4300 ae 
RRP S129 BeBe 





Autoranging Multimeter 


With 1300°C temp probe & capaci- 
tance function. Perfect for techni- 
cians, installers & enthusiasts. 

+ Range/data hold * AC/DC volts 

* Capacitance + Resistance 
+ Transistor & diode check 
+ Temperature 


taMnAne 






01132 
RRP $57.45 























Keyring Stud Finder 
Makes picture hanging a breeze! 
Seeks out the nearest solid 
beam in any wall without 
the guess work. Requires 
2x S 5014 batteries 

($2.05ea) 







$ 3° 
T4500 
RRP $4.95 
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LED Lights - Less heat! 


Low Power Usage! 


Direct replacement for MR-16 
halogen globes. Provides up to 
100,000 hours of life, much more 
than ordinary halogens. Powered off a 
standard halogen transformer. 3W 
light output, 5W power consumption. 
12-24V AC/DC 
Operation. (note 
switchmode trans- 
formers may require 
up to 4 LEDs per cir- 
cuit to operate.) 


2 for 550 


X 2200B Cool White 


X 2206B Warm White 
RRP $34.95ea 


High Power 


Star LED's 
Super bright LEDs, 
fantastic for use in low 
voltage lighting 


Model RRP Now... 
$ 
Z0247 1W Red $9.50 8 
$ 
Z0248 1W Green $9.50 8 
58 
Z0250 1W Orange $9.50 
$ 
20253 1W Blue $12.95 1 0 
$ 
Z 0258A 3W White $18.35 1 4 
$ 
Z 0259A 3W Warm White $18.35 1 4 


12VDC High =~ , 
Intensity 


LED Globes 

Long life 100,000 hour 

LEDs. Replace regular ha 
globes with these long life ‘~<a 
LED versions. 15mm bayo- $Gea 
net fittings. X 2300 
X 2300: Single intensity X 2306 
X 2306: Dual intensity RRP $14.95 








Star LED Driver 
Transformer 


Provides a constant 
current source suitable 
for powering up to 
six 1W star LEDs. 
Epoxy encapsulated 
9-30V DC 350mA 
input. 


$15 
Mi 3310A 
RAP $16.40 












| codes via infra red. 








3 BIG ELECTRONICS 
SUPER-STORES: 









| Control your AV 
system with just 
ONE remote! 


One remote can do all 
that? YES! Replace up to 8 
of your current remote 
controls. Works with TV, 
AMP, DVD, CD etc. Sets up in 


Stay in bed! 


Stay on time! 
This great projection 
clock shows the 
time in huge 
numbers on 
your ceiling 
or wall. 








































Feat 

j just minutes. Includes 100's a ee 

i of pre-programmed codes dlecewith 

| for most AV equipment yy u 
(including Foxtel and $ snooze; *"Poweted 

ea 7 by plugpack 

| Topfield set top boxes) 60 p Sin $24.95 1 5 
Learns new equipment AUSS7 95) A135 

A ae or 2 x AA batteries. QligayZichy 






RRP $89.95 


100 feature films, 
a million photos, 80,000 
songs - All in one box!* 


By adding a hard drive to this stylish unit, you can 
(ol f-F-] (<= Wm Co) C=) Vm oleate le) (mani elidian(=lolf- Me) Uh e(e)aie co) mvelel mavelant =a 
prowides high definition playback for f RRP $499 
user friendly on-screen menus. Suitable 
formats; H.264, Di jailable. D 5512 S00gb 
SATA HDD * LCDs ed ether ) 

: 0, DVI-D, component, HDMI & d 
* USB fl 





°350 


stored on the drive, via D 5565B 








Die)} 







. Use your old serial 


"| devices via USB 
Allows you to connect 
older serial devices to 
your PC’s USB connection. 
v4 Suits Win XP/Vista, OS X. 

















T5018 
RRP $59.95 











D2340A 
RRP $29.95 







Netbook/Lapto 
Aluminium Case 


Featuring aluminium panels, 
reinforced corners and seams 
for the ultimate protection of 
your computer gear. Beware of 
inferior plastic cases available 
on the market! Customisable 
inner foam. 460x325x90mm. 








USB Adaptor 
Plugging this «¢ 


tiny unit into ew 
the USB port on D0381 
your PC allows wireless communica- RRP $24.95 
tion with Bluetooth devices. Transfer files onto 
your PDA, mobile phone, laptop etc. Drivers for 
98SE, ME, 2000, XP provided. Vista/7 driver on 
web. 30m range 








Address Large Crowds With Ease! 


The Redback Portable PA is ideal for clubs, gynasiums 
& demonstrations. Rugged, durable 
and lightweight! Designed to endure 
the punishment of every day use 
Great for hire companies, schools, 
auctioneers etc. Employing an 
industrial strength extruded aluminium 
enclosure with hard wearing powder 
coat finish. It is fitted with wheels and 
extendible handle for ease of mobility. 
This allows systems to be tailored to 
individual needs. An in-built Class D 
amplifier exhibits very high efficiency for 
increased battery life & reduce system 
weight. Up to 8 hours use from a 

fully charged battery! In-built top hat 
allows easy mounting to speaker stands 
See website for more information on [OVALS EIEN yy] 
this versatile portable sound system. QUZAUAUES te ai Ryg 

































Rear panel & cover. 











Perth WA: 174 Roe St 
Auburn NSW: 15 Short St 
Springvale VIC: 891 Princes Hwy 













Add Sensational Sound To 
Your Lounge Room! g; 49°" 


Top quality sound from a 5290 
compact & stylish design RRP $149 
Can be inverted for mounting 
on the ceiling for a stylish corner hi- 
fi speaker. The 6.5” mid/bass 
driver and silk dome tweeter 
together produce a crisp 
frequency response with deep 
bass for realistic cinema effects 
50OW RMS output. Sold in matching 
pair. Size: 330W x 500H x 220D 


'2-Way Bookshelf 
| Speakers With Amp 


Great for the study or games 
room. Complete in-built 
amplifier & speaker 
combination. No amp 
required! Employing a 5.25” 
kevlar woofer & soft dome tweeter 
in a compact ported 
enclosure. Wood cabinets 
produce a rich, full sound, 
with polished ‘piano black’ 
finish. Internal 30W RMS amp, 
fm 3.5mm input, RCA output. Sold ina 
| matching pair. 180x255x220mm, 5kg. 


—_— 
C 5050 
RRP $399 






High Power 


Wall Speakers 
Affordable stylish 


64" 
C1017 
RRP $328 





| Portable Mini Speaker System 


519 





Now you can listen to music X 0800 hi-fi speakers, ideal for any 
anywhere! _ RRP $29.95 music install. Great for games 
Great for rooms & entertainment areas! 
picnics, - Stunning tuned enclosures employing 


camping or 
music at your bedside 


= 

! 

b 
g table. Unique design suits 


almost any MP3 player or CD walkman! Powered by 
4 x AAA batteries. ‘iPod not included 


2 x 4” midbass drivers & 20mm 
titanium dome tweeter. 75W rated 
Includes aluminium mounting bracket 
& stainless steel hardware. 8Q 
310x175x216mm. Sold in pairs. 





nese 







PC Remote Control 


Combines functions for DVD, TV tuner, web 
browser, mouse & keyboard and more. Includes 
USB infra-red receiver which relays signals to your 
PC. Slimline case fits perfectly in your hand, great 
for browsing the web on your TV. Requires 2 x 
AAA batteries. Note: to properly take 
advantage of this remote, your PC should be 
Windows® Media Player equipped. However 
many functions, including mouse & keyboard 
control, operate on any XP® or Vista® PC 




















High performance, comercial grade 4 way HDMI 
switcher. Includes digital audio (both toslink and 
coaxial) connections for high end AV distribution. An 
in-built enhancing circuit ensures excellent signal 
quality, even across long cable runs. RS-232 connection 
is provided for switching via contro! console or PC. 


A3083 
ESE) 






reduction + No 
tangle retractable 
cord, 3.5mm plug 


kids? Or use as a 
security monitor? These compact 
steel brackets are just what you need! 
Mount speaker boxes, televisions up to 20” 
(51cm) or other equipment to the wall or ceiling 

(wall mount pictured). 35kg max 


coffee table clutter 

and combine all your 

remotes into one easy i 
F to use unit 
we Also great 
for replacing 
lost remotes. 





DISCOUNT Mounting In-EarBud =“ 6 In 1 Universal Pee 
Brackets Earphones + Remote Control = 

Got an old telly you = + Superb Pre-programmed & aa 

yt pe oy want to put up in the = sound infra red learning = os 
Lin spare room for the — + Excellent noise ideal way to clear that . e 
= 

a 

oe 
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A 1012 


c 
RRP $16.95 RAP $19.95 





Reclaim your 


| desk space! wow! 


Digital 
HDTV On Your 


Computer. 

Watch while you work. 
This tiny USB stick allows you to watch 
high definition digital television on 
your computer. With real time 
digital video recording, its 
easy to view your favourite 
shows anytime you like. + Includes remote 
control, antenna & aerial adaptor + Software to suit 
Windows 2000 (SP4) / XP (SP2) / Vista included 

+ Requirements: 2GHz PC with 512mb RAM, USB2.0, 32mb 
video card. 





BARGAIN White 
XLR Leads 


10m length with hard 
wearing, white sheath 
and top quality metal 
3 pin XLR connectors. 


°49 
18181 Wall mount 
RRP $59.90 your LCD 
monitor and regain work 
space! Fully adjustable 
swing arm. Great for the 
office, study, kitchen, 
bedroom, theatre etc. 75 
& 100mm mounting 


holes. 15kg max. 
Phone: 1300 797 007 


EXPRESS ORDER) "" 
HOTLINES: wwwattionicscom su 


$995 $62°°° 
D5595A 
RRP $125 


P0745 
RRP $19.95 


Laptop for illustration purposes 






























































































Connect It Up... | 
| 2.4GHz Wireless 
AV Sender 


Great for wireless 
CCTV applications. 
The easy cable-free way 
to transmit stereo audio & 
composite video up to 30m. It also 
relays infra-red allowing you to con- 
trol equipment remotely. Includes 

transmitter, receiver and plugpacks. 


514 


A3036 
RRP $19.95 


‘59 


S$ 9360A 
RRP $69.95 





4 Way Stereo 
Line Selector 


Switch multiple 
sources between a single 
input on your amp/mixer. Ideal 
for when you've run out of inputs! 





























fe 

F Add a phono 

‘ input to your AV 
i receiver 

Allows you to connect a 
turntable to a standard line level 

input. 9V battery powered or use 


M 9237A plugpack ($17.95) with 
M 9191 tip ($1.30). 





$45 
A3050 
RRP $22.95 










| Compact RF Modulator 


Converts a composite video & 
stereo audio signal into a RF : oN 

9 *% a 
510 * 


| coax output. Ideal for dis- 

tributing AV signals. VHF 

m ch 0/1. Requires M 9272A $9731 ‘" 
12V 0.5A $17.95 RRP $14.95 






. RF Modulator 
— see Allows you to dis- | 
° 4 tribute composite 
Stee video & stereo 
audio signals using coaxial cable. 
Standard PAL RF aerial connection with J 
quick selector switch. VHF channel 1. 


vireo 










$9233A 
RRP $28.70 









| Long Distance 
§ Wallplate Baluns 

| i Send audio and video 
signals over cheap 

Mm Cat5e/6 cable - Up to 

§ 100m! Ideal for sending 
signals from your study to 
the lounge. Composite 
video with stereo audio or 
# component video with 

| digital audio. Clipsal2000 wallplates. Sold 
individually - two required to form a link. 







Component 
RRP $159.90 





RRP $99.90 









Stereo Multimedia 


Headset 
| Great for gaming, VoIP 
& internet messaging! 
Includes a pair of super 
comfortable adjustable 
headphones and a flex 
boom dynamic 
microphone. 2 x 3.5mm 
jack connection, includes 
6.35mm adaptors. 









519 } 


C 90568 
RRP $29.95 


ALTRONICS 


ONE-STOP ELECTRONICS SHOP 



































© Home Video Door 
Intercom 


See who's at the door 
before opening it! A safe and 
easy way to monitor your front 
door. Kit includes power = oe 
ae supply, hookup cable, 
| indoor base station and 
camera unit. Coupled with 
a door strike (available 
separately) you can even 
remotely unlatch your 
front door/gate to let 


Keyless Entry 
for Your Home 
or Business 


Interfaces with most 
alarm systems and 
door strikes to provide 


easy access for 





authorised users by 
simply waving a coded 
tag in front of the = 
wallbox. Can be configured to 
require tag only entry or a 
combination of tag and PIN 












°75 
SEXIL 
RRP $129 


BELIEL) 
RRP $179 








+ Extra camera S 9415A $69 tags $3.95 (S 5375) 














Designed for high grade installations 
requiring picture quality ‘a step above’ 
the rest. 0.15 Lux. 1208 x 100mm. 550 line 


IR Illumination 


Ideal for mounting in 








RRP $249 RRP $325 


17.95) parks and entrances 


Adjustable angle. Excellent night 
Add-On A Wall Mount Bracket... time performance with infra red LEDs 


--for a professional looking finish. fo¢ commercial installs. 0 Lux, 420 line 


Constructed from heavy duty diecast colour CCD sensor. Requires 12VDC supply 
aluminium & steel. Suits S 9125/7/8 


(M 9272A $17.95) 


RRP $159 


y a 9272A$ 
$22 


$9508 
RRP $24.95 


Great 





20% OFF Micron® Handheld Soldering Irons 
GREAT PERFORMERS 
UNDER $20! 


Turn a DMM into 
an AC Clampmeter 




















T 2409 60W 
RRP $21.80 


T2405 40W 
RRP $16.95 


T2401 20W 


clad, chrome plated tip 
RRP $13.95 


AC. Cat Il 600V. 
Limited Stocks. 










$15 
0.0960 
Bho Deluxe Modular 
Crimper 
Rugged steel construc 
tion designed to last a 
lifetime. Suits 6 and 8 way 
modular connectors. Great for 
making custom data & tele- 





Instant 
Insulation 
Testing 


89 
| 01242 
RRP $119 






T 1568 











.-with laser guided 
beam for pin point 
accuracy! Lightweight, 
“point and shoot” temper- 
ature measurement 
Provides accurate temper- 
ature readings from a 
distance. Ideal for meas- 
urement in dangerous 
places, or when equip- 
ment is operating. Incredible 
accuracy from -30°C to 550°C 


for comms equip- 
ment, computers 
etc. Includes 3 
phillips, 2 hex nut 
drivers, 3 flat 
blade, 4 star bits 
& extension bar. 








510 
T2785 
RRP $14.95 


\ 
F 


°69 













0.1290 
RRP $99.95 





Circlip Pliers 
Remove & insert circlips with ease. 
Suits 8 to 25mm external circlips. 90° 

hardened steel pegs 














visitors in. Can be expanded to 2 indoor security. Features: 3 relay 25A 4-16VDC 
m stations and 2 cameras. Black & white outputs + 12V operation + RFID tags sold 
+ Extra indoor unit S 9414A $119 separately $9.15 (S 5376), Credit card style Power Supply mvennen 


resolution. Available in 3.6mm $ $ exposed locations 45A 4-16VDC 
fixed focal length or 3.7-12mm 199 pl: ts) where damage may Power Supply 
vari-focal. Requires 12VDC supply [RRA Be IPaat TE occur such as car 
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ea es 





An essential for testing RRP $31 phone leads. J * Size: 175x60x45mm 
electrical circuit € 
paunzae patseré Contact (i Tape Ratchet J Charge your 
Ud ‘AKC Ss 5 4 . 
Perfect for electricians Free te B Driver Set laptop in the car! 
or anyone who works ini Handy ratchet These compact supplies 
on mains equipment Digital action speeds up simply plug into your 
200MQm, 2000MQ Thermometer any job. Designed cars accessory socket and pro- 

















15A 4.5-16VDC 
Power Supply 


This compact, fan 
cooled, switchmode 
power supply delivers 
up to a huge 15A regulated output, adjustable 


between 4.5 and 16V. It’s great for powering M 82604 


comms equipment & scanners. 155x55x165mm. akapal 









even ead 






With auxiliary car acces- 
sory socket! Low noise 












. : s i 1 LETTE TITY 
High Resolution . Vandal g el design for communications iia 

Resistant Dome ~ fm equipment, Adjustable ' 
Colour Dome Cameras . oe | voltage & noise offset bo | 69 
Sony Super-HAD CCD sensor. / Camera With 





4-16VDC 22A continuous, 
25A max.126x100x180mm 





M 8262 
RRP $229 








With auxiliary car 
accessory socket! 
Massive 45A 
capacity for high 










current draw equipment such as comm’s gear, car 
audio, portable appliances etc. Adjustable voltage 
& noise offset. 4-16VDC 40A continuous, 45A 
max. 172x65x200mm 








8264 
RRP $310 





A Revolution 

















ing a microprocessor ensur- 


Simply plugs into 3 In Battery 
standard test lead ‘ mn 
i | Maintenance 
inputs. Measure AC 2 
te ents os te 300A Great for enthusiasts & home handymen or as a back up inthe Charging 
without direct éont 4ct with $ $44 Th) toolbox. Includes mini bench & Ast fil 
: “ -“ a - 5 stage charger utilis — 
live wires. 1mV AC per 0.1A 1 7 stand. Equipped with an iron 2 


ing batteries remain in optimum condi- 
tion. Automatically diagnoses battery state 
of charge and delivers an appropriate cur- 
rent. « Also recovers batteries with slightly sulphat- 
ed plates + Operates in sub-zero temperatures + 
Suitable for permanent connection * Weatherproof case 
+ Suits sealed lead acid batteries (SLA), wet cells, gel cell and 
AGM batteries from 1.2Ah to 120Ah * Supplied with plug- 


gable croc clips and ring termi- ee 


M8530 
RRP $84.95 














nals «+ 14.4V @ 3.8A 










vides regulated power to a laptop. Selectable out- RAP $59.15 
put voltages 15, 16, 18, 19, 20, 22 and 24VDC, up to 6A 
Supplied with 6 adaptors to suit most laptops 






























Super Fast NiMH 
Battery Charger 


Charge 4 x AA or AAA batteries in just 30 
MINUTES! Ultra fast portable battery charger 
designed for in-car use. Includes 

accessory socket lead. Fan cooled 
Requires M 8935 power supply if 
powering from 240V mains. 












‘Ifyou are dissatisfied with our goods for any reason, a our premises within 14 days for a fu 
(less transport costs). Returned items must be in NEW condition with all packaging and instr 
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Digital-Analog Converter Kit 


(SC Sept-Nov ‘09) This professional quality kit can 
drastically improve the sound output from your DVD player, 
allowing you to obtain audiophile quality sound from a regular 


CD/DVD player, set-top box, PVR or computer. Also reduces buzz 
hum and signal noise, ensuring your listening experience is top 
240V mains operation 


notch. Coaxial or optical inputs. RCA output 
Includes screened and punch rack case, all components, 
transformer, PCB’s and cabling. 


Reduce Unwanted 
Noise & Vibration 
n Boats. 


’ t (SC Nov ‘09) 

This module can dramatically 

reduce vibration & noise by ensuring the 

RPM of each engine is matched. It reads the 
frequency signals from each engine tacho and f 
displays RPM difference up to 200RPM onan J 
analog gauge showing. Includes meter. 


Web Server InA 
Box (WIB) Kit 


(SC Nov ‘09) Host and 

update your own website 

without the need for a 

computer! This compact box 

houses a chip based server that 

may be accessed anywhere in the 
world - even from a mobile phone 
Beyond serving web pages it can also 
monitor and log four analog inputs, or 
control four digital outputs for 
remote activation of devices 


Great for remote 
monitoring & control 


Remote Control 


Your PC! 


(SC Aug’ 03) Provides 

remote control of Winamp 

and WinDVD software as well as 

a host of other PC 

A 1013 


automation abil- 


ities remote control to suit $36.80 


Speaker Level 


Meter Kit 

(SC April ‘04) Lets 
you adjust home theatre or car 
audio systems with precision, 
ensuring the correct level for 
each speaker. 


Easy 
to use! 


Never leave your 


car lights on again! 

(SC Aug '01) Headlight Reminder 
Kit. This useful kit emits an alarm 
whenever you leave the lights on 
& open your car door. Don’t get 
caught with a flat battery again! 
Easily connects to most vehicles 


Great for 
older cars! 


recording and playback 
module. Records message 
for alarms, displays & 
monitoring systems etc 


Requires 6VDC 


Sale Ends February 28th 2010 


Altronics One-Stop Electronic Shops Phone 1300 797 007 Fax 1300 789 777 
Mail Orders: C/- P.O. Box 8350 Perth Business Centre, W.A. 6849 


Audiophile ——e stereo sound 
ata fraction of the cost! 


Esperance 
Geraldton 
Brisbane South 
Brisbane North 
Capalaba 
Cloncurry 
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GPRS COMPUTER 


—93km 


Seed Sener 





Last month, we introduced our new GPS Car Computer and provided 
full constructional details. But there’s a lot more that we haven’t 


covered yet... 


tions of the GPS Car Computer for those who might 
have missed last issue. To build the GPS Car Computer 
you will, of course, need to refer to that issue. 


FF: of all, we’d better run through some of the func- 


Operation 

In operation the GPS Car Computer is easy to use. There 
are seven “screens” that can be displayed and you can step 
through these screens with the UP and DOWN buttons. 

All screens have something that can be configured. For 
example, on the speedometer you can set the over-speed 
alarm and on the clock screen you can set the time zone. 
To change a setting you press the SET button and then use 
the UP/DOWN buttons to adjust the value. Pressing the 
SET button a second time will save the value and return 
to the main display. 

Rather than manually press the UP/DOWN buttons to 
show a new screen you can put the unit into “Auto Scan” 
mode. Here the display will automatically flip from one 
screen to the next every three seconds. When it reaches the 
end it will wrap around and continue on from the beginning. 

To enter Auto Scan mode you simultaneously press both 
the UP and DOWN buttons. To exit this mode press any 
button. 
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To reduce the number of screens on show you can config- 
ure the unit to hide some of them. To set this up you must 
hold down the UP button when you apply power. This will 
put the unit into a mode where you can set the following 
characteristics for each screen; 

e Show. 

e Hide in auto scan. 

e =Always hide. 

The latter is useful if, for example, you have not connected 
the unit to a fuel injector solenoid and do not want to see 
the Fuel Economy display. When set to “Always Hide” that 
screen will be skipped as if it did not exist. 

The “hide in auto scan” setting is useful if you want to 
hide some screens during the Auto Scan mode but still have 
them available when you manually step through the screens. 

A good example is the “Signal Levels” screen which you 
would not normally need to see. 

While in this mode pressing the SET button will step you 
through the three settings described above and the UP and 
DOWN buttons will move you through the list of screens 
available for configuration. 

To exit this mode you simply remove and reapply the 
power. 

All settings including the currently showing screen are 
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automatically saved in non-volatile memory and restored 
on power-up. 


Data Display 


Most of the displayed data comes from the GPS module; 
it provides speed, time, heading, altitude, latitude/longi- 
tude and signal levels. Other displayed data is calculated 
internally by the microcontroller. The GPS will put out fresh 
data every second so this is the update frequency adopted 
by the microcontroller. 

The speed reading is averaged internally by the GPS 


module so that the numbers do not jump around with 
signal noise. 

As aresult it will take a few seconds for the speedometer 
to settle down. The other readouts update much faster. 

The distance and time-to-destination is calculated by 
taking the speed every second and working out the distance 
travelled during that second. This is then subtracted from 
the total distance to the destination and the result displayed. 

While not as accurate as a GPS with in-built maps, it does 
give a good indication. 

This function has two main uses. It is handy when you 





Three of the more common displays you’ll use on the GPS Car Computer. At left is the speedo, arguably quite a bit more 
accurate than the one on your dashboard! Centre is the distance and time to destination and at right, relative fuel economy. 
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need to drive along a road for a certain distance to reach a 
defined point (eg, “drive for 15km then turn left”). 

It is also useful when you need to count down a larger 
distance. For example, the next town might be 200km away 
and you are planning to stop there for lunch. This function 
will then show you how much longer you will have to put 
up with hunger pains! 

The time-to-destination is calculated by taking into ac- 
count your average speed over the last 10 minutes. So, if 
you get stuck behind a slow-moving truck you can expect 
to see the time before lunch increase accordingly. 

This function is also handy for children who continuously 
ask “How much longer Daddy?” 


Economy meter 


The fuel economy meter is another function that is cal- 
culated internally by the microcontroller. While it sounds 
complex it is quite simple to implement. 

The microcontroller monitors the percentage of time that 
a fuel injector solenoid is opened in any second. That, com- 
bined with the vehicle speed over the same second, is used 
to calculate the amount of fuel used per kilometre driven. 

This assumes that the pressure in the fuel line to the 
solenoid remains relatively constant and that all solenoids 
for all cylinders open for the same amount of time. 

For this purpose these assumptions are close enough and 
the upshot is that the percentage that the solenoid is open 
is directly proportional to the amount of fuel consumed 
by the vehicle. 

The result is displayed as a bar graph. A longer bar means 
that you are consuming more fuel per kilometre than a 
shorter bar. You can adjust the full-scale sensitivity to suit 
your car and preferences. 

When driving you should try and keep the bar as short 
as possible. You will find that during acceleration from a 
standstill the consumption will shoot off the scale. Not much 
can be done about this because you are consuming a large 
amount of fuel for only a small (zero) distance travelled. 

At cruising speed the graph will sit in the middle of the 





PullY 








scale and you can vary it markedly depending on your 
driving habits. 


Computer interface 


The USB interface allows you to connect to any computer 
with a USB interface. In this mode the GPS Car Computer 
implements a subset of the NMEA-0183 standard for in- 
terfacing marine electronic devices as defined by the USA 
based National Marine Electronics Association (NMEA). 
This is an almost-universal standard and most software 
will communicate seamlessly. 

If you search on the internet you will find a wealth of soft- 
ware that will allow you to navigate, log your movements, 
play with the GPS module and much more. We will only 
cover a few here but you can check www.1 sps-info. 
com/fgpfw.html where over 450 free GPS-related programs 
are listed. 

While you are using the USB interface the GPS Car Com- 
puter Display will continue to operate as normal, showing 
speed, heading, etc. So it is possible for the driver to have 
whatever data is of interest showing, while a passenger can 
be separately using a laptop for navigation or other GPS 
related functions. 

Before you can use the GPS Car Computer with your 
computer you must install the appropriate device driver. 
This can be downloaded from the SILICON CHIP website 
where it is listed as “Silicon Chip USB Serial Port Driver. 
zip”. The driver will work with Windows 2000, XP, Vista 
and Windows 7 in 32-bit mode and Vista/Win7 in 64-bit 
mode. It uses the standard CDC serial interface supplied by 
Microsoft with all modern versions of Windows and there 
are also Linux versions available on the Internet. 

The USB standard says that all USB devices must have a 
unique combination of two 16-bit numbers - the Vendor ID 
(VID) and Product ID (PID). When you plug in a USB device 
the first thing it does is send its VID and PID to your com- 
puter, which in turn uses them to locate the correct device 
driver. If you did not use a unique VID/PID you could have 
confusion where, for example, your computer might try to 








This screenshot of the PuTTY terminal emulator program gives a good idea of what the data stream received over the USB 
interface would look like. The format of the data meets the NMEA-0183 standard which is a universal communications 


format used by most GPS related software. 
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Here’s a screenshot of the BSGPS software using a map downloaded from the OpenStreetMap project and live data from 
the GPS Car Computer. You can see that we are travelling up Bland St approaching Birdwood Ave — not bad for software 


and maps that cost nothing. 


load the device driver for an Apple iPod. 

Manufactures can purchase a Vendor ID (VID) from the 
USB standards body and then use whatever Product ID (PID) 
numbers that they need in combination with the VID to dif- 
ferentiate their products. Rather than purchase a whole VID 
for this project we sublicensed a single PID from Microchip 
for use with their corporate VID. These two numbers are 
used by the GPS Car Computer and the USB Serial Port 
Device Driver and ensure that our gadget is legally correct. 


Driver installation 


After downloading the driver you should unzip the files 
into a temporary folder. The method of installing the soft- 
ware varies between versions of Windows but essentially, 
when you plug the GPS Car Computer into an USB port 
the operating system will prompt for a driver. You should 
then point it to the temporary folder and install from there. 

If, for some reason, you are not prompted to install the 
driver you can navigate to Device Manager and you should 
see an entry under Other Devices called “SC GPS Display”. 
Right click on that and select Update Driver Software. You 
can then direct the operating system to the temporary folder. 

After you have successfully installed the driver you 
should see the GPS Display listed in Device Manager under 
Ports (COM and LPT) as “Communications Port - Silicon 
Chip USB Serial Port”. Take note of the COM port number 
allocated by the operating system, you will need this when 
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configuring software to work with the GPS Car Computer. 

In this mode the GPS Car Computer appears as a virtual 
serial port in the operating system. You can use any serial 
terminal emulator such as Hyperterminal, PuTTY, RealTerm 
or Hercules Terminal Emulator to access the data. When 
you run the emulator and configure it for the correct COM 
number you should see the data streaming from the GPS 
module. The screenshot of the PuTTY terminal software 
gives a good example of what you can expect. 

Note that when setting the COM port number the baud 
rate and other settings are ignored — the USB Serial Port 
always runs at the highest speed it can. 

A good utility for testing the interface is “NMEA Monitor” 
(http:/homepage2.nifty.com/k8/gps). This will show you the 
raw data as well as decode the NMEA sentences and will 
give you a better insight to what is going on. 

Using NMEA Monitor ora terminal emulator you can also 
send commands to the GPS module. You should be careful 
here as the microcontroller in the GPS Car Computer expects 
that the module will be in the normal factory default mode 
and it may not work if you have changed things too much. In 
particular, you must be careful not to change the baud rate. 
The GPS module communicates with the microcontroller 
at 4800 baud and if you change this nothing will work, 
including your USB serial interface, even if you remove 
and reapply power. 

If you have screwed up the GPS module you can try press- 
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Here’s a larger view of the OziExplorer software shown on the laptop earlier, with a high resolution HEMA map. Position 
and heading is shown on the map as a red arrow with the tip pinpointing our exact position. This is live data using the GPS 
Car Computer. The map will move as the vehicle travels keeping our current position in the centre. The software also shows 


our speed (98.1Kmh) and altitude (198m). 


ing the Down Button while plugging the GPS Car Computer 
into power. This will cause the microcontroller to send a 
reset command to the GPS module and may recover the 
situation, although it is not guaranteed. 


Navigation software 


The most impressive use of the computer interface is with 
navigation software running on a laptop. With it you can 
get a moving map, with your position pinpointed exactly. 

It is worth noting that this is different from the normal 
GPS units that you can purchase such as the TomTom or 
Garmin devices. These are optimised for city driving and, as 
a consequence, are focused on taking you to a certain place 
rather than telling you where you are. In addition the accu- 
racy of their maps is very poor once you get into rural areas. 

This is no good for country travellers and in particular 
4WD drivers who are navigating across country following 
little used roads or tracks. In this case you want to see 
your exact position on a detailed and accurate map. You 
certainly do not need to be told when to turn right or left as 
intersections are far between and generally obvious, when 
you come to them. 

A typical software package for this type of navigation 
is OziExplorer with the HEMA map package for Australia 
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(oziexplorer.com and hemamaps.com.au). Both of these will 
load onto your Windows based laptop and combined will 


give you the equivalent of a detailed printed map. 

The GPS Car Computer works fine with this type of soft- 
ware and the result is that your exact location will be pin- 
pointed on a high accuracy map with a scale of 250 metres 
per millimetre (depending on the maps that you bought). 

The HEMA maps are rather expensive so OziExplorer 
allows you to scan in your own maps but you still have to 
buy the software. A number of lower cost alternatives exist 
and a good example is BSGPS (bettersoftware.co.uk) which 
is essentially free (they ask for a donation). This software 
also allows you to scan your maps so you can continue to 
keep the cost low. 

If you mostly keep to the more populated areas you can 
use BSGPS with the OpenStreetMap project (openstreetmap. 
org). This is a free editable map of the world and contains 
reasonable detail for urban locations. Using BSGPS you can 
download the sections that you are interested in and have 
a very low cost navigation solution. 

If you have Internet access on your laptop (perhaps dif- 
ficult in the bush but not impossible!) you could use the GPS 
Car Computer with Google Earth to dynamically download 
and display maps. You could even have your position plot- 
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Loading New Firmware 


The GPS Car Computer includes a small program which 
is called a bootloader. This enables you to reprogram 
(sometimes called “flashing”) the microcontroller using 
nothing more than a normal Windows computer with an 
USB port. 

To make it easy for us the GPS Car Computer pretends 
to be a Microchip PICDEM FS USB board when it is in the 
bootload mode. That means we can program it using soft- 
ware developed by Microchip to program their own products. 

Both the device driver and software described here are 
compatible with Windows 2000, XP (32 and 64 bit) and 
Vista (32 and 64 bit). Windows 7 is not supported yet but 
the software does work under the Windows 7 XP Mode. 
There also may be Linux and Mac versions on the Internet 
— check the Microchip website or Google for “MCHPUSB 
Bootloader” or “MCHPUSB Driver”. 

To start the bootloader, hold down the Set button on the 
GPS Car Computer while you plug it into a USB port on 
your computer. If you have not installed a jumper on JP1 
you will then have to connect an external 12V power source 
and hold down the Set button while you plug that in. You 
can release the button a second or two after. 

Your computer should make a sound to signal that it has 
recognised the GPS Car Computer. Note that when itis in 
the bootloader mode the LCD panel will remain blank or 
may show some random lines, this is normal. 

If you have not used the bootloader before on your com- 
puter you will be prompted to install a driver for it. This driver 
is different from the virtual serial port driver used to receive 
GPS data from the GPS Car Computer. Your computer may 
attempt to find a driver currently on your computer or the 
internet. When this fails select the option to choose your 
own driver. The device driver is in the directory WinDriver 
which should have been created when you unpacked the 
zip file containing the updated firmware. Navigate to this 
directory and tell Windows to search there. 

When the driver is correctly installed you should see 
it listed in Device Manager as a “Microchip Custom USB 
Device”. 

When you 
unpack the 
upgrade zip 
file you should 
also have a di- 
rectory titled 
WinLoader 
and in that 
directory will 
be PDFSUSB. 
exe. This is 
the program 
that uploads 
new firmware to the GPS Car Computer and is actually 
intended for use with the Microchip PICDEM FS USB board. 
Because of this it includes many extra features that we will 
not be using and can safely ignore. 

Double-click on PDFSUSB.exe to run the loader. After 
it has loaded, you can click on the dropdown list and you 
should see listed PICDEM FS USB which is what the GPS 
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AD PICDEM(TM} FS USB Demalll Configuration Data 
Bootload Mode | Demo Mode | 


Select PICDEM FS USB Board 





Configuration data contained in this hex file is 
| different from the board's default setting. 

PICDEM FS USB 0 

Using a different setting could cause the bootload 

interface to stop functioning. 


(a Load HEX File 
ee Program Device 
6 Read Device 


Click: 

Yes - To use the setting contained in the hex file. 
No - To use the board's default setting. 

Cancet - To use the board's current setting. 











Copyright (C) Microchip Technology Inc., 2004 |, 
more: Sree 


USB Bootloader Firmware Version 1.20 


Car Computer masquerades as while it is in the bootload 
mode. Click on that entry to select it, then click on “Load 
HEX File” and navigate to and select the new firmware 
that you want to load. 

When you load the HEX file you should see a message 
warning that the configuration data is different from the 
board’s default setting. Click on Cancel —do not select any 
other choice otherwise your firmware will not load correctly. 

Finally, click on “Program Device”. You will see a series 
of messages and after about 20 seconds it should display 
the messages shown in the screenshot, which indicate 
that the GPS Car Computer has been successfully repro- 
grammed. You can then unplug the GPS Car Computer 
and use it as you would normally do. 

Don’t worry about a power failure or accidently unplug- 
ging something while it is programming. 

If something does goes wrong you can always restart 
(ie, unplug, then plug back in while holding down the Set 
button). 
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ted on a moving satellite image of the country through which 
you are travelling. Isn’t technology wonderful? 


External connections 


All external connections are made through CON1, a 6 
pin mini DIN connector. Ground and 12V are on pins 3 
and 4 (respectively) of the connector. An external input 
from the vehicle’s headlight’s circuit can be wired to pin 1 
to control the day/night backlight brightness (more on this 
in the section on assembly options). 

Pin 5 of the connector can be wired to a fuel injector 
solenoid if you want to implement the fuel economy meter 
function. The 82kQ and 47kQ resistors serve to drop the 
vehicle voltage levels to 5V for the microcontroller. 

There are also two spare connections (pins 6 and 2) which 
can be connected to pins 9 and 10 of the microcontroller. 
These are unused and available for future use. They can 
be set by the firmware to be digital inputs, digital outputs 
or analog inputs. Future firmware updates could use these 
to measure voltages (eg, battery voltage or sensor outputs), 
detect digital inputs (eg, switch closure or tachometer 
output) or set them to be an output to control something. 


Firmware 


In Part 1 last month we described the circuit for the GPS 
Car Computer but it is in the firmware where the real work 
is done. We will not go into detail here but if you are really 
interested the source code is available for download from 
the SILICON CHIP website. 

On the surface it appears that the microcontroller only 
needs to take the data from the GPS module and display it 
on the LCD and that should be simple enough. As usual, 
the devil is in the detail and the result was rather more 
complex — the firmware runs to over 7000 lines of C code. 

Part of the reason for this size is that we use a graphics 
display and while this allow us to turn off or on any pixel, 
it does involve a much greater overhead to drive. For exam- 
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ple, we have to create our own fonts - in total we use three 
different fonts ranging from very large numeric digits for 
things like the speedometer through to a small font used for 
detailed screens like the latitude/longitude display. 

Other features including USB and high speed refresh of the 
graphic display also add up so that in the end the firmware 
uses most of the PIC18F4550’s 32KB program space. 

In summary the operation of the firmware is easy to 
explain. Firstly there are three interrupts that operate, one 
when a character is received from the GPS module, one that 
is triggered by a timer every 85uS and one when the USB 
interface has received or sent a packet of data. 

The interrupt does just what it says — it interrupts the 
processor and branches to a different segment of code to do 
some special processing. For example, when a character is 
received from the GPS the interrupt code will retrieve that 
character and store it in memory. When the last character 
of a message has been received the interrupt code will set 
a flag to indicate that all the data has been received and is 
available for processing. 

Following the interrupt the processor will return to ex- 
ecuting the main program at exactly the spot from where it 
was interrupted. As a result the main program is unaware 
that the processor has been “hijacked”, all it sees is that 
a flag has been “magically” set to indicate that there is a 
message from the GPS ready for processing. 

Similarly the interrupt triggered by the timer every 85S 
performs a number of tasks, one of which is to tell if a but- 
ton has been pressed. There are three flags, one for each of 
the buttons and the interrupt code will set the appropriate 
flag when it detects a valid button press. 

Oblivious to the interrupts, the main code runs in a high 
speed loop checking these and other flags for something to 
do. For example, ifthe main program discovers that the GPS 
data flag has been set, it will process the data to extract the 
information that we want. It will then construct an image 
of the currently showing screen as a bitmap in internal 
memory and transfer this image at high speed to the LCD’s 
display memory. 


“State Machine” 


An important part of the main program is that it imple- 
ments what is called a “state machine”. Each display on the 
graphics display is represented as a “state”. So, when we 
are displaying the digital speedometer the state machine 
is in the “display speed state”. When adjusting the over 
speed setting the state machine is in the “set over speed 
state”, and so on. 

The state machine is necessary because an event like 
pressing the Up Button can mean different things, depend- 
ing on what state the display is in. For example, when 
displaying the speedometer, the Up Button will cause the 
display to switch to the clock display but when adjusting 
the over-speed setting the Up Button will increase the set- 
ting by one km/h. 

The state machine keeps track of the current state and 
changes states as necessary. It also directs processing ac- 
cording to the event being processed and the state that is 
current. Generally a state machine is at the core of most 
gadgets (microwave, dishwasher etc) and is not very mys- 
terious. If you download the source code for the GPS Car 
Computer and search for the main() function you will see 
the state machine implemented in that function. sc 
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Terperature Aa 


7000 


Duty ME state aay 


DICK SMITH ELECTRONICS 


TYPES KJ THERMOMETER 
1 2 3 
4 5 6 


Last month we introduced this temperature = 2 oe 
logger and controller, based on the $99 Dick 7 m 
Smith Q1437 Digital Thermometer. Here are a 
the construction, testing and setup details — 
along with a couple of pertinent warnings! 








he first step in construction is 
T: make and solder in the inter- 
face to the Dick Smith Q1437 
Digital Thermometer. This is achieved 
by opening the case and wiring in a 
2.5mm stereo jack socket, which in 
turn connects (externally) to the PC via 
a 2.5mm jack plug, a suitable length 
of shielded stereo cable and a DB25 
(parallel printer port) plug. 
Remove the protective rubber sleeve 


of the Digital Thermometer and then 4 , 


unscrew four screws, including 
the two for the battery compart- 
ment. Then gently prise the top 
and bottom covers apart. They || 
willremain loosely connected ~— 
by the two leads to the piezo 
sounder which is glued to the 
bottom cover. 

Next, a short (~100mm) 
length of ribbon cable is 
stripped and soldered to the 
WR (pin 12) and data (pin 
11) lines of the HT1621, with 
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the third lead soldered to the earth 
as shown in the photograph and dia- 
gram. While the prototype used white, 
there’s a lot less chance of error if 
“rainbow” ribbon cable is used for this. 

The HT1621 comes in a dual-in-line 
surface-mount package with pins only 
0.5mm wide, so great care is required 











End-on view of the DSE Q-1437 Digital Thermometer. 
The two sets of thermocouple sockets are original; 
the 2.5mm stereo socket is an addition to interface 

with this project, as described above. 


in soldering to this component. In 
practice, one wire is soldered to pin 11 
of the HT 1621 while the connection to 
pin 12 is made at the respective pin of 
the MF430F quad flat package. 

Using a magnifying glass as an aid, 
the well-tinned end ofa 1mm soldering 
iron tip is touched against the outer 
extreme of each pin to be soldered, 
depositing a very small bump of solder. 

Now the tinned end of the ribbon ca- 


ble is placed on top of the pin and com- 


pressed against it by pressure from 
the soldering iron tip for a few 
seconds so the solder flows and 
a connection is made. Inspect 
the joints carefully to ensure no 
shorting has occurred — use the 
very minimum amount of solder 
consistent with making a good 
connection. 

An 8mm hole is then drilled 
in the top end of the case to al- 
low fitting of the 2.5mm stereo 
socket, as shown below left. The 
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thermocouple connectors will have to 
be temporarily unscrewed from the 
panel to allow the new socket to be 
inserted. 

The ribbon cable wires are then 
soldered to the socket while ensuring 
the earth lead is soldered to the cor- 
rect terminal. The signal leads should 
be soldered to the signal pins on the 
socket so that the body, tip and ring 
(BTR) connect with the same pins on 
the 2.5mm plug. 

In other words, pin 11 of the HT1621 
goes to pin 12 of the DB25M connector 
to the PC while pin 12 of the HT1621 
goes to pin 13 of the PC connector. 

As mentioned last month, connec- 
tion to the PC printer port is made 
by means of a 2-core shielded cable 
to which a 2.5mm stereo plug is con- 
nected at the Q1437 end, while a DB25 
connector is soldered at the PC end. 
The two 680pF capacitors are soldered 
directly at the DB25 connector from 
pins 12 and 13 to the earth at pin 25. 

You will also need to make the cable 
connection to the Triac load controller 
box, which we will look at shortly. 

First, carefully re-assemble the 

Q1437 Thermometer in the reverse 
order to disassembly, ensuring that 
the added ribbon cable does not foul 
anywhere. 


Load controller PC board 


This uses a single sided PC board 
measuring 87 x 54mm and coded 
10101101. The complete component 
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A close-up view inside the DSE Digital Thermometer 
with a magnified view above, showing the three 
connection points required, along with the new 
2.5mm socket in the top of the case. Soldering to these 
fine IC pins is NOT easy to do — be extremely careful 
— a hot iron with a fine tip plus a steady hand are de 
rigeur! Inspect carefully for any solder bridges. 








overlay and wiring diagram (com- 
bined) is shown in Fig.3. 

Assemble the PC board as shown 
in this diagram — there are only seven 
components and only the semiconduc- 
tors (Triac and Triac trigger) are polar- 
ised. Do not substitute the specified 
insulated tab Triac for another — your 
safety depends on it. 

Note that the legs of the Triac are 
“cranked” to allow them to fit into 
the PC board. It is a good idea to leave 
the Triac until last to ensure that its 
mounting hole lines up with the hole 
drilled for it in the box side. 


Chiele 


(1) Use mains-rated hooku wire f 
connector. These leads ; a 

using Nylon cable ties. That way, if a lea 

mains-operated components on the PC 









Sure to use a type 


of the circuit j 
nut into position, so that it 
(5) Do not substitute another Triac for 
) the 
an insulated tab which means it can be fa 


of the IEC sockets). Do not touch or work 
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must be kept as short as possible and secured at both ends 


board or the terminals of the | ‘ 
a good idea to further secure the leads at both ends using clear eu ok my 


(2) Use mains-rated cable for all connectio i 
the terminals using heatshrink tubing. Aisrtstheny asian ee Wee ee ee 
use a ratchet-driven crimping tool to properly secure the spade lugs to the eae 
be Secure the high-voltage wiring between the 
les. Again, the idea is to make it impossible for any leads to move and contact other parts 


(4) Fit an extra locking nut to secure the earth solder lug in place. This nut locks the first 


stened to the metal case with complete safet 
. . vs 
(6) Part of the Circuitry on the PC board operates at mains potential (as do the terminals 


( on any part of this circuitr ile thi ice i 
plugged into the mains. DO NOT attempt to build this device ‘ie ice : 


what you are doing and are familiar with mains voltage wiring techniques 


Also ensure that the 10nF capacitor 
is an “X2” class for mains rating and 
safety. Do not substitute another type, 
even if it has a higher voltage rating. 


Mounting the PC board 

The PC board is mounted in a suit- 
able diecast aluminium box. This will 
need holes cut out to accept IEC male 
and female chassis mount sockets, a 
mains safety fuse and a DB9 socket. 
You will also need to drill holes for the 
mounting for the IEC socket mounting 
screws, a separate earth and the single 
screw for the insulated tab Triac. 








connections between the PC board and the DB9 







d comes adrift, it cannot move and contact any 







(be 





that’s acetic acid free). 







PC board and the IEC sockets with cable 







f they come adrift. 





cannot possibly come undone. 
specified BTA10-600B. This particular Triac has 
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SOLDER TAG & STAR LOCK 
WASHER FOR BOX EARTH 
(SECURE WITH EXTRA LOCK NUT) 


230V AC 


TRIAC1 
BTA10-600B 





HEATSHRINK 
SLEEVES 
OVER JOINTS 
AND TAGS 


CONTROL 
PC BOARD 


230V AC 


F OUTLET NOTE: ALL LEADS MUST 


BE MAINS RATED 


Make sure that you follow explicitly the wiring details 
above. All wiring must be done with 250VAC-rated cable. 

Note that the earth wiring is soldered to the earth pins 
of the two IEC sockets and to a separate solder lug which 
connects to the diecast metal case via a screw. 

Not immediately obvious in the diagram is a locknut on 
the earth screw — a good idea to ensure that nothing can 
ever vibrate its way loose. 

The earth plane of the PC board is not connected to the 
mains earth of the case. It connects to the earth of the PC 
via the 9-pin DB9 socket, 2-way ribbon or shielded cable 
and DB25 plug (the same plug which connects back to the 
Q1437 Digital Thermometer) 

Finally two short lengths of mains-rated wire are used 
to make a connection between the input to the MOC3041 
and PCB earth and the DB9 socket. This pin is connected 
externally to pin 2 of the parallel port. 


Checkout time 


First, we will check operation of the thermometer inter- 
face. The project software consists of two files. T_Control- 
ler.exe is the main file containing the GUI (graphical user 
interface), while Porttalk.sys is the system device driver 
carrying out the low-level port communication. The latter 
file needs to be copied to the /Windows/system32/drivers 
directory on your computer while the former can be located 
in any convenient folder. 

Next T_controller.exe is run and the GUI screen (as shown 
below) should appear. 

Connect the PC to the Q1437 digital thermometer and 
turn the thermometer on by holding the green ON button 
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(DB9 FEMALE) 





M3 FLAT WASHER, 
STAR LOCKWASHER 
AND NUT 


10mm LONG 
M3 SCREW 


™ 





HEATSHRINK 
SLEEVES 
OVER JOINTS 


AND TAGS. 18-3: follow these diagrams explicitly 


to ensure mains wiring safety standards 
are followed — remember, there is a 
direct (wired) connection between this 
and your PC. The purpose of locknuts, 
lockwashers, cable ties and the like is 

to ensure that if the worst happens and 
a wire dislodges after time, it cannot 
contact any mains voltages. The PC 
board is designed to keep the mains 
voltage and low-voltage sections as 
separated as possible. Note the “crank” 
in the Triac leads (shown above) - again, 
this gives extra separation to keep mains 
voltages away from the metal case. 
Incidentally, if you don’t need mains 
control or are not confident with mains 
projects, the modified thermometer and 
logging software works fine on its own! 





down for longer than three seconds. This ensures that the 
AUTO-OFF function, which turns the thermometer off after 
30 minutes, is disabled. 

At this stage click the Run PC Mode button at the top 
right of the GUI and a display indicating the time, the two 
temperatures, the current duty cycle of the Triac control 
signal and the message ‘Running” should appear at the 
bottom of the GUI. 

In addition, provided the thermocouples are plugged 
in to the thermometer, two curves, blue and black, should 
commence to be drawn out on the screen. 

The temperature limits corresponding to the top and bot- 
tom of the graph, are designated in the appropriate boxes 
next to the vertical axis at the top and bottom of the screen, 
while the times are indicated in the corresponding boxes 
next to the horizontal axis. 


Auibiers Teriqeratune, > Fiuyent Corti 
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Fig.4: here’s the GUI screen which you should see after 
running the T_controller.exe software . 
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If it is desired to rescale or reposition the graph, these 
values can be changed during the acquisition while the 
curves are being drawn and the ‘Redraw’ button pressed. 

Once sufficient data has been gathered the ‘Abort’ button 
can be pressed. Acquisition then ceases and the temperature 
data gathered so far is saved in a text file labelled Tdata#. 
txt, with # being the number label entered in the edit box 
next to the ‘Abort’ button. 

A new acquisition can be started afresh at any stage now 
by pressing the ‘Run PC Mode’ button, however if the file 
label has not been changed when ‘Abort’ is next pressed, 
the data from the previous run will be overwritten. 

The data in the text file is presented in the form of two 
vertical columns corresponding to the two temperature 
channels at one-second intervals. The temperatures are 
presented as the actual temperature in degrees times 10 
to allow representation of the decimal component of the 
measurement using whole numbers. 

Should the Q1437 be turned off or the interface discon- 
nected at any stage, the PC will reach a point where it tries 
to read the Q1437 and ‘hang’ due to lack of data on the line. 
It will commence functioning properly again once the con- 
nection with the Q1437 has been re-established. To switch 
the logger off, either the ‘Abort’ or ‘Exit’ buttons should be 
pressed before turning off the Q1437. 


Starting the Triac load controller 

A mains load can now be connected to the Triac load 
controller. Use a load which will give a direct indication of 
duty cycle, such as a heat gun (which you will hear chang- 
ing as the duty cycle changes) ora large incandescent lamp. 

The mains plug is now attached to the controller and 
with the cable to the PC disconnected, no power should 
flow to the load. The control cable from the PC parallel port 
is now attached and a representative duty figure, such as 
50%, entered into the GUI. 

A temperature higher than ambient with a duration 
ereater than zero is entered into the respective GUI boxes. 
Upon pressing the ‘Run PC Mode’ button the load should 
start to be pulse at about a 1:1 mark to space ratio, ie, half 
second on, half second off. 

If the unit passed all the above tests it is ready to be used 
as a temperature logger and controller. Just enter the time 
(in seconds) and temperature (in degrees) with the requi- 
site number of set points (up to four) in the temperature 
program box, and press ‘Run PC mode’. 

If during the course of data logging it is desired to in- 
vestigate the graph being produced over a different range 
of time and/or temperature values than initially chosen, 
new values are entered into the corresponding boxes, and 
the ‘Redraw’ button pressed to replot the graph. 

In the same fashion the temperature program can be 
altered ‘on the run’, with new set points reflected by 
changing locations of the horizontal set temperature lines 
on the graph. 

When the ‘Abort’ button is pressed all data logged so 
far will be recorded and can be inspected with Wordpad, 
imported into a spreadsheet, etc. 

Finally, if you are not confident of constructing mains 
projects, or even if you just want a temperature logger, you 
can simply do the mods to the thermometer and it will 
function perfectly as a stand-alone device (ie, without the 
Triac load controller attached). $C 
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Colour display. 

USB host for USB memory stick 

FFT and Math functions 

Up to 1000 Waveforms record and playback 
USB device - PC software and cable included 
Models from 25 MHz to 100 MHz 

*** 5 year warranty *** 


Starting Prices 25MHz colour UQ2025C just $579 inc GST 


INTRODUCTORY SPECIAL: ° 
GOMHZ Colour UQ2062C only $695 Including GST 


. 
NZ orders welcome. Postage at cost.” “ffer expires 31/3/2010 


TRIO # 
Smartcal 
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REVIEW 
Soldering Station sity ‘ 


New compact FX- 888 i is the successor to the \. Je 


recovery, for lead-free soldering and leaded soldes . 
applications. Suitable for soldering 

small SMD components through 

to large heavy-duty applications. 


Features: 


* Tip re-design, larger copper mass 
and shape changes to improve 
thermal transfer. 

« Heater output increased to 65W 

« Faster thermal recovery 

* Temperature stability +/-1°C 

+ 718 series tips. 

+ Temperature range 200°C ~ 480°C 

+ Light weight soldering iron handle. 

« Stand incorporates 3 tip cleaning 
methods - cleaning wire, sponge 
and silicone rubber cleaner. 

+ Lock out key for supervisor control 

+ Temperature calibration function 
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HK Wentworth P/L 
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The old Mullard Meteor 600 cleaned up quite well, as is evident from these 
above-chassis views. The parts on the top of the chassis are easy to access. 


using a Philips-type fixed-wire trim- 
mer. Once adjusted, it was expected 
to retain its tuning almost indefinitely 
although this doesn’t always work out 
in practice as we shall see. 

Both the antenna coil and the oscil- 
lator coil are housed in the same metal 
can, located on the back edge of the 
chassis. This is convenient for access 
but means that both would have to be 
replaced if a fault developed in either 
section. 

The signal from V1 is applied via 
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the tuned circuit to V2, an EBF35 IF 
(intermediate frequency) amplifier. 
Bias is applied to both V2 and V1 via 
resistors R5 and R15. R14 and C23 act 
as a filter for any hum that may be on 
the back bias line, which consists of 
R7, R4 and R3. R4 varies this bias from 
-1.2V up to -26V. 

At -26V, the EBF35 will still have 
some gain, as its plate current is not 
cut off until the bias reaches around 
-38V. However, the ECH35 will be 
cut off, as its cut-off voltage is -17V, 


so effectively the volume will be zero 
even before the volume control is at 
its minimum setting. 

V2 amplifies the 455kHz signal and 
this is applied to the IF transformer 
which consists of L6, L7, C13 and 
C16. The output of this transformer 
is then applied to the detector diodes 
in V2 and the detected audio signal 
is developed across resistor R6. The 
signal is then coupled to the grid of 
V3 (6V6GT) and this stage then drives 
the speaker transformer and a 5-inch 
(125mm) speaker. 

Bias for the 6V6GT is obtained from 
another back-bias voltage divider con- 
sisting of resistors R8 and R12. This 
divider supplies -5.5V to the grid of 
the 6V6GT. 

Power for the receiver is derived 
via a mains transformer which has a 
tapped primary to suit mains voltages 
between 220V and 260V AC (40-60Hz). 
In the service notes, there is a com- 
ment that the transformer lamination 
stack may be one inch (25.4mm) or 
1.5 inches (38mm) high. I believe that 
for 40Hz mains, the stack would have 
been 1.5 inches high. The transformer 
in this particular set is designed for 
50Hz and 60Hz mains, as it only has a 
one-inch high lamination stack. 

The HT secondary winding of the 
transformer drives a 6X5GT rectifier 
(V4) and the filter capacitors have 
common positive terminals, while 
the filtering resistors are wired into 
the negative supply line and consist 
of R8 and R12. 


Back bias 

The voltage drop across the back 
bias line of R8 and R12 is around 75V. 
I question why such a high voltage is 
dropped across the network. It seems 
to me that more effective use of the 
available high-tension (HT) voltage 
could have been made. The voltage 
across C17 is of the order of 185V and 
with 75V dropped across the back bias 
network, only 110V is available for the 
valves. The total HT current drain is 
around 28 milliamps. 

6V6GT valves really don’t work all 
that well until they have 150V or more 
on their plate and screen elements. 
By reducing the voltage drop across 
the back bias network and re-jigging 
the power supply circuit, around 
150V could have been supplied to 
the 6V6GT. This could have been 
obtained without changing the power 
transformer or many other small parts. 
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This under-chassis view shows the set before it was rewired. Note the incorrect use of green/yellow mains earth wire for 
some of the connections (this wiring was later replaced). 


Because of the low HT voltage, the 
audio output is quite limited and it 
becomes distorted if pressed hard on 
strong stations. 


Restoration 


The owner of this set kindly loaned 
it to me so that I could complete the 
restoration and write this article. 
When he bought it, it had largely 
been restored. However, a common 
problem is that although sets are often 
advertised as having been restored, the 
restoration is often not complete or has 
not been done correctly. Such was the 
case with this radio. 

As mentioned earlier, the set is eas- 
ily removed from the cabinet and the 
works readily accessed. The cabinet 
is in good condition and required no 
attention from me. However, a quick 
look at the chassis showed that the fre- 
quency converter had been changed, 
along with the paper and electrolytic 
capacitors. The wiring had also been 
changed. 

The chassis layout should have been 
better that it is. In some cases, the 
inputs and outputs are close together 


siliconchip.com.au 


and this has made it necessary to fit a 
metal shield in the centre of the chassis 
to ensure stability. The coils connected 
to the converter valve are located quite 
some distance apart too. In addition, 
placing the rectifier valve next to the 
IF/detector valve is just asking for hum 
to show up in the audio output. 

In fact, the audio coupling capacitor 
is only 1nF, which does indeed suggest 
there was a problem with hum in the 
audio. By using a low-value capaci- 
tor here, the low-frequency output is 
restricted, reducing the hum problem 
in the process. 

Only one lead of the original wiring 
was left in the set. That was the earth 
lead and the insulation on it had per- 
ished. No doubt, the previous restorer 
had replaced the wiring because the 
insulation had perished. 

Although the replacement wiring 
had been installed neatly, the type of 
wire used was incorrect. In particular, 
scraps of mains wire had been used 
in various places, including green/ 
yellow mains wire. The latter should 
only be used for mains earth wiring. 

As aresult, much of the wiring was 


redone, not only to conform to the 
necessary standards but also to make 
the restoration look more original. 

The replacement capacitors had all 
been wired in correctly and the two 
replacement electrolytic capacitors 
even had C17 and C21 marked on 
them. However, they had been trans- 
posed in the circuit, which could 
prove confusing. There was no sign of 
the mains antenna capacitor, which 
I would have removed anyway for 
safety reasons. 

Finally, the original 2-core mains 
lead had been replaced with a 3-core 
lead and the chassis earthed. However, 
this lead had not been anchored cor- 
rectly and so had to be secured using 
a cordgrip grommet. 


Does it work? 

Everything else appeared to be in 
good order so the next step was to test 
the mains transformer with a high- 
voltage insulation tester. This showed 
no signs of excessive leakage between 
its windings or to the chassis, so it was 
now time to try the set out. 

The first step was to apply power 
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This photo shows the three trimmer 
capacitors around the oscillator & 
antenna coils. Two are semi-fixed 
tubular types while the third is a 
Philips “beehive” type. 





The first 455kHz IF tuned circuit 
consists of coil L5 & its parallel semi- 
fixed trimmer C10. 


with the chassis resting upside down 
and check the voltages at various 
points in the circuit. These were all 
found to be quite close to those listed 
in the service sheet and the power 
consumption was a quite reasonable 
24W. I then connected an external 
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| Electric Motors and 
| Drives - by Austin Hughes 


| Fills the gap between textbooks and 
handbooks. Intended for non- 
_ specialist at oe all of the 
idely- tor types. 
S60 widely-used mo 


. Practical Variable 
“3 Speed Drives 
om ©=— by Malcolm Barnes 


| An essential reference for engineers 
7 and anyone who wishes to 


design or use variable 
105 speed drives. 








antenna to the set but found that the 
performance was nothing to get ex- 
cited about. 

Itried replacing the EBF35 IF ampli- 
fier and the 6V6GT audio output valves 
but this made no difference. I didn’t 
try changing the ECH35 converter, as 
it appeared to be new. 

So what was causing the perform- 
ance of the receiver to be so poor? 
The voltages were close to what they 
should be, the necessary capacitors 
had been replaced and the defective 
wiring had been replaced. 

This set (and some Philips sets) uses 
custom-made semi-fixed capacitors 
which act as trimmers in the tuned 
circuits. A couple of these trimmers 
can be seen in the photo of the oscil- 
lator/antenna coil assembly, with one 
towards the top of the picture. It con- 
sists of a thick wire inside a ceramic 
tube, with many turns of fine wire on 
the outside of the tube. The number 
of turns of wire wound on the ceramic 
tube determines the capacitor’s value. 

To adjust these trimmers (or semi- 
fixed capacitors), it is necessary to 
initially wind on more turns than 
required, then gradually remove turns 
until the circuit is tuned to the correct 
frequency (it’s too bad if you take too 
many turns off). This set has five of 
these trimmers and the only trimmer 
not of this type is C9 which is a Philips 
beehive-type trimmer. 

As mentioned previously, the semi- 
fixed capacitors are meant to retain 
their values and supposedly never 
need readjustment after the set leaves 
the factory. However, that was wish- 
ful thinking as some certainly needed 
tweaking in this set and they are dif- 
ficult to deal with. 

The previous restorer had decided 
to leave these “one-time” adjustable 


| AC Machines - by Jim Lowe ‘7 
Applicable to Australian trade-level 
courses including NE10, NE12 and 
parts of NE30. Covers all types of 


AC motors. 
: 66 


| DVD Players and 

| Brives — by KF Ibrahim 

- DVD technology and applications with 

_ emphasis on design, maintenance 

| and repair. lideal for engineers, tech- 

3 nicians, students, instal- 
95 lation and sales staff. 





trimmers well alone. However, I de- 
cided I just had to bite the bullet and 
adjust some of them to improve the 
set’s lacklustre performance. They 
are hard to adjust and extreme care is 
needed when doing this as two of them 
operate at the HT voltage! However, 
it needed to be done if the set was to 
operate correctly. 

First, I adjusted C9 so that the set 
tuned to the local Italian station on 
1629kHz, then checked the alignment 
of the IF stage. 

The circuit seemed to be roughly 
tuned to 455kHz but the response to 
nearby frequencies was greater than 
expected, indicating that the IF stage 
needed alignment. I assumed that the 
capacitors had been adjusted correctly 
when the set was made so to make 
the adjustments a bit easier, I placed 
small 10pF mica capacitors across 
each tuned winding. I then set the 
signal generator to 455kHz and gradu- 
ally removed turns of wire from each 
trimmer until the peak response had 
just been reached and was beginning 
to dip again. 

When I went too far, I just rewound 
several of the turns back onto the ce- 
ramic tube and glued them in place. It’s 
not a very elegant method but it works. 

Because both C10 and C16 are live 
to around 110V (with respect to the 
chassis), extreme care is needed to en- 
sure that nothing shorts when pulling 
the wire off to adjust these trimmers. 
And although I thought I was being 
careful, I wasn’t careful enough and 
did get a “bite” off the 110V. 

In retrospect I should have worn 
rubber gloves when doing this task and 
Icertainly will in future. So be warned 
— even experienced people can make 
mistakes. Unfortunately though, these 
adjustments cannot be made with the 


There’s something to suit every 
motor/contro! master in the 
foxes $1 CON: CHIP-reference: bookshop: 
see the bookshop pages in this issue 


Performance Electronics 
_ for Gars - trom Swicon Cur 
16 specialised projects to make your 
_ Car really perform, including engine 
modifiers and controllers, 
49 80 instruments and timers. 


rece SWitching Power 
| Supplies - by Sanjaya Maniktala 
Theoretical and practical aspects of 
@ controlling EMI in switching power 
: supplies. Includes bonus CD- 


Sq ROM. 
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set turned off otherwise I would have 


done it that way. 

After making these adjustments, the 
set’s performance was considerably 
enhanced and it performs quite well 
local stations. 


Summary 

The Mullard Meteor 600, despite 
no having outstanding RF or audio 
performance, is quite a reasonable 
little receiver for use in the kitchen or 
bedroom. It is housed in a relatively 
small bakelite cabinet but the compo- 
nents are not so crowded that service 
is difficult. 

However, the layout of the compo- 
nents leaves a lot to be desired and 
the electronic design is deficient in 
a number of areas as well. For ex- 
ample, the set could have used AGC 
(automatic gain control), as the two 
RF valves are variable mu types. It is 
not that it would have required extra 
components, 

In addition, the HT could have been 
made as high as 150V which would 
have meant that all valves operated 
with improved performance, espe- 
cially the 6V6GT audio output stage. 
This could have been achieved with 
only relatively minor changes to the 
values of a few low-cost components. 

It all goes to show that some mak- 
ers got away with some very ordinary 
design and layout techniques but only 
because the sets were budget models 
and were not required to be high per- 
formers. However, this set could have 
been a good performer without adding 
to the cost. 

That said, it’s a nice-looking set 
and if its limitations are accepted it 
is a worthwhile receiver to have in a 
collection. 

Finally, as a reflection on design, 
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| New edition has a full and compre- 
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Photo,Galleryzsfasma.585,Mantel Radio: 


he Tasma 585 was a large-size mane ™ 
radio, with a vibrator power supply pack nearly half ihe” 


size of the radio itself and powered by a 6V accumulator. The valve line-up was as 
follows: IM5G RF stage, IC7G mixer, IM5G IF amplifier, IK7G detector/first audio 
amplifier and IL5G audio output. The intermediate frequency (IF) was 458kHz. 
Features included dual-wave tuning, a permanent magnet speaker and a handsome 
wooden case. Photo by Kevin Poulter for the Historical Radio Society of Australia 
(HRSA). Phone (03) 9539 1117. www.hrsa.net.au 


I was involved in the testing of new 
2-way radios for a government depart- 
ment prior to them being approved 
for use by industry. During this work, 
it soon became obvious that some 
designers really knew how to design 
and build good 2-way radios while 
others produced radios that were very 
ordinary. 

I distinctly remember two trans- 
ceivers I had to test from different 
manufacturers. One barely met the 
test criteria and disappeared from 


Practical Guide To 
Satellite TW - by Garry Cratt 
The book written by an Aussie for 


Aussie conditions. Everything you 
need to know — including 


Sag what you cannot do! 


Hands-On Zighee 

— by Fred Eady 

An in-depth look at the clever little 

2.4GHz wireless chip that’s starting to 

be found in a wide range of 
5967" equipment from 

— consumer to industrial. 


CIRCUIT 


use within a few years, while the 
other was so good that it is still used 
by some services some 35 years later. 
The same thing has happened in the 
design and construction of domestic 
valve radios — the large manufacturers 
didn’t always get it right, while many 
small manufacturers produced excel- 
lent equipment. 

Basically, a lot depended on who 
the designer was at the time when it 
came to the quality and performance 
of a receiver. Se 


There’s something to suit every 
RF fan in the SILICON CHIP 
reference’ bookshop: see the 
bookshop pages in this issue 


RF Circuit Design 

— by Chris Bowick 

A new edition of this classic RF design 
text - tells how to design and 

S75j_ integrate RF components into 
virtually any circuitry. 

Practical RF H’book 

— by lan Hickman 

A reference work for technicians, 

engineers, students and the more 

specialised enthusiast. Covers 


$s al | the key topics in RF that 
So you need to understand. 


Amps e Satellite 
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Windows 7 is loaded with features, tools and 
shortcuts designed to make your life easier. 
Learn how they all work with the latest in the 
* "Windows for Dummies’ series. It starts at 
square one, helping you set up Windows 7, 


———4 


happy. Includes all those things Windows 
thinks you already know! 
414 pages in paperback 


PIC MICROCONTROLLERS: 


know it all 
The best of subjects Newnes authors have written over the 
past few years, combined in a one-stop maxi reference. 
Covers introduction to PICs and their programming in 
Assembly, PICBASIC, MBASIC & C. 
More than 900 pages paperback. 

a 


Andy Rathb, 


PIC 


know it all 


USING UBUNTU LINUX 


, Ubuntu Linux is a free and easy-to-use operating system, 
» a viable alternative to Windows and Mac OS. Introduces 
= Ubuntu, tells how to set it up, covers the various Open 
Office applications and gives troubleshooting hints and 
tips. Highly recommended. 
222 pages in paperback 


PIC MICROCONTROLLER —-YOUR 
PERSONAL INTRODUCTORY COURSE 


A unique and practical guide to getting up and running with 
the PIC. It assumes no knowledge of microcontrollers — 
ideal introduction for students, teachers, technicians and 
electronics enthusiasts. Revised 3rd edition focuses entirely 
on re-programmable flash PICs such as 16F54, 16F84 
12F508 and 12F675. 226 pages in paperback. 


PIC IN PRACTICE 


Based on popular short courses on the PIC, for professionals, 

students and teachers. Can be used at a variety of levels. An 
ideal introduction to the world of microcontrollers. 
255 pages in paperback. 





PROGRAMMING 16-bit MICRO- 
CONTROLLERS IN C 


Subtitled Learning to Fly the PIC 24, a Microchip insider tells 
all on the newest, most powerful PICs ever! Condenses typical 
introductory "fluff" focusing instead on examples and exercises 
that show how to solve common, real-world design problems 
quickly. Includes handy checklists. FREE CD- 

ROM includes source code in C, the Microchip 

C30 compiler, and MPLAB SIM. 400 pages 

paperback. CD-ROM included! 


SOLAR SUCCESS - Getting it right 


every time 

The complete guide to home and property systems. 
Covers the ramifications of lighting, fridges and freezers, 
air conditioning, washing machines and driers and much 
more on solar systems; also covers solar basics and how 
to conduct an energy audit. As reviewed in Siticon CHIP 


November 2008. 112 pages. 
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camel TV ACROSS AUSTRALIA 


Essential information for anyone travelling Australia, or just 
wanting to know the channels, polarity and location of all 

television transmitters and translators from coast 

to coast. Plus coverage maps, tv transmitter data 

.. everything you need to know in the one place 

for the first time! 























Written in Australia, for Australian conditions by one of Aus- 
tralia's foremost satellite TV experts. If there is anything you 
wanted to know about setting up a satellite TV system, 
(including what you can't do!) it's sure to be covered 

in this 176-page paperback book. 


| NEWNES GUIDE TO 
| TELEVISION & VIDEO TECHNOLOGY 


It's back! Now in a new edition provides a full and com- 
prehensive coverage of video and television technology 
including HDTV and DVD. Starts with fundamentals so is 
ideal for students but covers in-depth technologies such 
as blu-ray, DLP, Digital TV, etc so is also perfect for 
engineers. 600+ pages in paperback 
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\YAtaaE OP AMPS FOR EVERYONE 


OP AMPS ror 


EVERYONE By Carter & Mancini. Substantially updates coverage for 
E 


low-speed and high-speed applications, and provides 
step-by-step walk-throughs for design and selection of 
op amps. Huge 648 pages! 
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HANDS-ON ZIGBEE 


We asked our Zigbee guru, Telelink's Jack Chomley, to com- 
ment on this book and he said a lot of it is pretty in-depth 
but, if you want to learn all about Zigbee 

you'd go a long way to find a better reference 

than this one. 336 pages in paperback. 
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All the information you need for successful solar installation 

3 in mobiles.An expert on getting the most out of solar systems, 
B'| Collyn Rivers dispels many of the myths and helps you get it 
right when there is no mains power available. 


As reviewed in Siticon CHip November 2008. 82 pages. 
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WANT TO SAVE 10%? SILICON CHIP (PRINT ED 
SUBSCRIBERS* AUTOMATICALLY QUALIFY FOR A 


10% DISCOUNT ON ALL BOOK PURCHASES! 


(‘Does not apply to website orders) 


SILICON CHIP'S PERFORMANCE 
ELECTRONICS FOR CARS 


If you ever wanted top performance from your car, this is the 
book you need. 160 pages of technical background to give 
you a thorough understanding then 16 specialised projects 
to build to make your car really perform, including engine 
modifiers and controllers, instruments and switches. 


AC MACHINES moms | 


Applicable to Australian trades-level courses including NE10 
AC Machines, NE12 Synchronous Machines and the AC 
part of NE30 Electric Motor Control and Protection. 
Covering polyphase induction motors, single-phase 
motors, synchronous machines and polyphase 
arting. 160 pages in paperback. 





















AUDIO POWER AMPLIFIER DESIGN HANDBOOK 


Audio Power 


Amplifier De. 
Si 
Handbook on 


Reduced in price from previous edition! From one of the world’s 
most respected audio authorities. New 4th edition is more comp- 
rehensive than ever — now with new chapters on Class D 
amplifiers and DC servos. Now even bigger — 465 pages 














DVD PLAYERS AND DRIVES 


A guide to DVD technolo gy and applications, with particular 
focus on design issues and pitfalls, maintenance and repair. 
Ideal for engineers, technicians, students of consumer 
electronics and sales and installation staff. 319 pages 
in paperback. 
As reviewed in Siticon Cir February 2004. 


PRACTICAL VARIABLE SPEED DRIVES * 
AND POWER ELECTRONICS 


— Speed 


Drives and 
Power Electronics 


An essential reference for engineers and anyone who wishes to 
design or use variable speed drives for induction motors. As 
reviewed in Siticon CHip September 2003. 288 pages. 
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ELECTRIC MOTORS AND DRIVES 


Brand new edition of this amazingly popular book. Intended 
for non-specialist users of electric motors and drives, filling 
the gap between academic texts and general "hand- 
books". Explores all of the widely-used modern types of 
motor and drive including conventional & brushless DC, 
induction motors, steppers, servos, synchronous and 
reluctance. 384 pages, soft cover 


SWITCHING POWER SUPPLIES A to Z 


Theoretical and practical aspects of controlling and measur- 
ing electromagnetic interference in switching power supplies. 
Includes flow-charts for building DC-DC 
converters and their magnetic compo- 
nents under typical wide-input supply 
conditions. 503 pages in hard cover. 
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CD-ROM included. 
, TV AND HOBBIES April 1939 to March 1965 









This remarkable archival collection spans nearly three decades of 
Australia's own "Radio and Hobbies'/“Radio TV and Hobbies’. Every 
article has been scanned into PDF format — ready to read at your 
yy leisure on your computer (obviously, a computer DVD-ROM reader 
is required along with Acrobat Reader 6 or later). For history buffs, 
it's worth its weight in gold. For vintage radio enthusiasts, what could 

- be better? For anyone interested in electronics, this is one which you 


MUST have in your collection! NB: Does not play on audio DVD players. 
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in paperback. See the review in Sept. 2006 issue. 
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SELF ON AUDIO 


A collection of 35 classic magazine articles offering a depend- 
able methodology for designing audio power amplifiers in a way 
that improves performance at every point without significantly 
increasing cost. Includes compressors/limiters, hybrid bipolar/ 
FET amps, electronic switching and more. 
474 pages in paperback. 


PRACTICAL RF HANDBOOK yicre 
The latest guide to RF design for engineers, technicians, Tr 
students and enthusiasts. Covers key topics in RF: analog 1 n 


amplifiers, oscillators, modulation, transmitters and receiv- 
ers, propagation & antennas. 
279 pages in paperback. 


RF CIRCUIT DESIGN 


A new edition of the classic RF circuit design book. RF 

circuit design is now more important that ever in the 

wireless world in which we live. In most of the wireless 
devices that we use there is an RF component — 
this book tells how to design and integrate in a 
very practical fashion. 244 pages in paperback. 


BUILD YOUR OWN ELECTRIC 
MOTORCYCLE 


Alternative fuel expert Carl Vogel gives you a hands- 
on guide with the latest technical information and 
easy-to-follow instructions for building a two- 
wheeled electric vehicle — from a streamlined scooter 
to a full-sized motorcycle. 384 pages in soft cover. 
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AMATEUR SCIENTIST TWIN CD SET KX 5 


V3.0: Includes bonus science software library" | -="=.:. 
Many thousands of copies now sold. Two incredible CDs 
containing over 1000 classic projects, sourced from 
Scientific American over the past 73 years — and covering 
every field of science. This new "Dr Shawn" edition is the 
latest version — it's said to be even more user friendly 
with much more information and data. Runs with any 
browser (on Win2000 or later). Recommended by the 
National Science Teachers Association (USA). 


NZ — $12.00 PER BOOK; REST OF WORLD $18.00 PER BOOK 


OR PHONE-(9-5, Mon-Fri) OF MAIL 


Call (02) 9939 3295 with Your order to PO Box 139 
your credit card details Collaroy NSW 2097 
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Got a technical problem? Can’t understand a piece of jargon or some technical principle? Drop us a line 
and we'll answer your question. Write to: Ask Silicon Chip, PO Box 139, Collaroy Beach, NSW 2097 or 





send an email to silicon@siliconchip.com.au 


Is it legal to do off-grid 


electrical wiring? 


I just found your article on DIY 

home wiring from several years ago. 
Is it still OK in Queensland to do your 
own wiring if you are on generator 
power and not connected to the grid? 
Also, are there any good DIY books on 
the subject for Australian homes as I 
can only find English or US ones? B. 
C., Emu Creek, Qld). 
@ You cannot legally do your own 
wiring in Queensland or in any Aus- 
tralian state. This is despite the fact 
that itis perfectly legal in New Zealand 
where they use exactly the same wir- 
ing standards (ie, AS/NZS3000:2007) 
and the same electrical fittings. You 
can check the full details of what is 
possible in New Zealand in our article 
entitled “Are Aussies Dumber Than 
Kiwis?” in the June 2008 issue. 

As far as off-grid systems are con- 
cerned, if you are installing any solar 
system with the intention of claiming 
government rebates, again you need 
it installed by a licensed electrician. 

There are additional wiring stand- 
ards for electrical systems that are off 


the grid and safety is a major concern. 

The relevant standards are: 

(1) AS 4509: Standalone Power Sys- 

tems (presently under revision). 

(2) AS 4086: Secondary Batteries. 

(3) AS 4777: Grid-Connected Inverters 

(not applicable in your case). 

(4) AS1768: Lightning Protection. 
We recommend the book “Solar 

Success — Getting It Right Every Time” 

by Collyn Rivers. It is available from 

the SILICON CuIP Bookshop for $47.50 

plus $10 postage & packing. 


Connecting VU meters 


to an audio amplifier 

I have built an audio power ampli- 
fier kit from Altronics and I bought 
a couple of VU meters. I want to use 
them as power meters; just to show 
percentage — not accurate. 

Can you please tell me how to con- 
nect them to the amplifier outputs 
without influencing speaker imped- 
ance? The meters are not proper VU 
types, just DC milliameters. (J. S., via 
email). 

@ VU meters show a OVU reading 
when the applied voltage is 1.23V 


Programmable) Ignition|For/BMW/2002 


My brother and I have built the 
Programmable Ignition (SILICON 
CHP, March, April & May 2007) from 
a Jaycar kit for his BMW 2002. We 
have a reluctor distributor from a 
later model car and adapted it to fit. 
The winding reads just under 10002 
and on a test unit, it generates -1V 


to +1V at 1000 RPM. 


We have tried to follow the pro- 
cedure to set VR1. It reads 4.98V 
regardless of the VR1 setting. I have 
unsoldered VR1 and confirmed that 
it does cover the 0-100kQ range. I 
assume the the reluctor should be 
connected when doing the settings? 

In this set-up, it seems the Q5’s 
output never gets to OV. Do we need 
to change some of the resistor values 
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to match the output range of this 
reluctor? 

We have managed to get it run- 

ning (badly) on points with a zero 
map (using the original clockwork 
weights) but are getting some sort of 
interference. I’ve mounted the igni- 
tion driver module in the same box, 
so now are going to move that to its 
own box to attempt to eliminate the 
issue. (R. W., via email). 
@ The reluctor may be faulty as a 
-1V to +1V signal is very low. Try 
adjusting the reluctor gap so there 
is more signal. 

You may be able to improve the 
reluctor triggering by removing VR1 
and decreasing the 47kQ resistor at 
the base of Q5 to 10kQ. 





RMS. To show power output from an 
amplifier, the voltage from the ampli- 
fier would need to be reduced before 
itis applied to the VU meter. Typically 
an amplifier output would need to be 
reduced by about a factor of five for 
the VU meter. 

Ideally, the VU meter should be 
driven from a low impedance source 
to ensure it has the correct attack and 
decay response rate. For your appli- 
cation where it is just as a display, a 
series resistor of around 3.3kQ (1W 
rating) from the amplifier output to the 
meter should be suitable. The meter 
connection will not affect the actual 
power applied to the loudspeakers. 

The value can be reduced if the 
meter does not not show the full range 
you require, 

This is assuming you are using Al- 
tronics VU meters (Cat. Q0490) that 
have a 650-ohm resistance. A VU meter 
is an AC meter with a predefined attack 
and decay response. A DC milliameter 
cannot be used directly as a VU meter 
since it would require a full wave rec- 
tifier, filter and meter drive circuitry. 


Smoke gets in 
your eyes 


Ihave just finished constructing the 
Power Tool Battery Charger Controller 
(SILICON CHIP, December 2006) and 
having some knowledge of electron- 
ics over the years, fixing minor faults 
on TVs, VCRs etc, I was confident of 
tackling this project. 

I was able to set 5V between TP5 & 
ground and had 5V between pin 14 & 
pin 5 of IC1’s socket. I installed IC1 
and all was good when I connected 
a battery to the controller but when I 
connected the thermistor cable from 
the battery (the tip of the plug touched 
socket earth), part of the copper track 
on the circuit board burnt out, with 
smoke coming from the 10Q resistor. 

I think I might have wired the ther- 
mistor wrongly (haven’t had anything 
to do with these before) as there is no 
detail in the instructions about how to 
wire it into the battery. I had it con- 
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nected across + terminals. Should that 
have been across the mono socket? 
This may have damaged IC1 because 
when I turned it back on after repair- 
ing the copper track smoke still came 
off the 10Q resister. When I removed 
IC1, it powered up OK with the right 
voltages. Any help will be appreciated. 
(R. C., via email). 

@ The thermistor should be com- 
pletely electrically isolated from the 
battery and not connected across the 
battery terminals. The thermistor is 
there to monitor temperature and is 
mounted against a cell in the battery 
pack but needs to be electrically isolat- 
ed from the battery terminals and any 
exposed metal part of the battery. The 
thermistor installation was detailed 
under the “Connection” sub-heading 
in the article. 

The main IC could have been dam- 
aged (depending on battery voltage) 
when the battery plus via the ther- 
mistor connection was connected to 
the thermistor input. A replacement 
IC for the charger controller can be 
obtained from Jaycar Electronics. 


Memory constraints in 


battery capacity meter 


I have built the Battery Capacity 
Meter featured in the June 2009 issue. 
The data logging only gives me a 12Kb 
CSV file, with data for the last three 
hours only. I can’t find any informa- 
tion in your article on the size of the 
data memory. 

Can you please advise what this 

is? I realise that the RLE compression 
can be changed to save more data but 
I want weeks of data, not a few hours. 
Is there any way to extend the amount 
of stored data or to add additional 
memory? (N. N., via email). 
@ The Battery Capacity Meter stores 
logged samples in RAM which is quite 
limited. The actual RAM used for data 
logging can hold up to 116 samples. 
This may not seem much but they are 
RLE samples. Each such sample can 
hold 16,380 actual samples, depend- 
ing on the RLE compression used. 

If you would like weeks of data, you 
will need to vary the sampling period 
—make this longer. Also you may want 
to modify the RLE compression. For 
example, if you changed the sampling 
period to 7200 seconds, then an entry 
will be logged every two hours. 

With 116 samples, at worst case 
(without any RLE compression) you 
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FM Micromitter Has Fixed Output Frequencies, 


I have an FM Stereo Micromitter 
kit (SILICON CHIP, December 2002) 
that I would like to change the fre- 
quency from what your ranges are. 
We have a gentleman in our church 
that uses a Tx/Rx that works on 
91MHz as a hearing aid unit. 

Is it possible to change the output 
so it will work on this frequency? It 
would make listening for him much 
better if we could have a set-up from 
our PA system, whereby he can listen 
without having to transfer his Tx 
unit over to each person that speaks 
and also eliminate the noise created 
during this time. 

He can alter the frequency slightly 
if necessary but this would involve 
several other changes to other equip- 
ment if we need to do this. (D. W., 
via email). 

@ The short answer is no. The 
long answer is that the FM stereo 
micromitter has a phase lock loop 
RF oscillator that provides fixed 
transmission frequencies between 
87.7-88.9MHz and 106.7-107.9MHz, 


can get a total logging time of 835,200 
seconds or over nine days of data. With 
RLE compression this could be much 
longer. It is simply a compromise 
between sampling period, level of 
compression and total log time. 

With RLE compression you can 
of course achieve much better rates. 
Since the logging quantities are not 
changing wildly over time but in a 
continuous manner, it makes sense to 
use compression. It is a compromise 
between logging time and accuracy. 

There is no easy way to add extra 
memory — the design was simply not 
made for that. The other option is to 
download data more frequently. If you 
downloaded data every day, you could 
change the sampling period to 750 
seconds (or one entry every 12 minutes 
or so). In the worst case without RLE 
compression, it would take about a 
day for the memory to fill. 

Note that you can also change 
whether the buffer works in Capture 
or Overwrite mode. In overwrite mode, 
new logging data overwrites older 
data — the effect is that only the last 
samples are kept. In capture mode, 
however, the buffer accepts no more 
data once it is full. 


as specified in the article. There is no 
easy way to change these frequency 
ranges without affecting the 38kHz 
oscillation for stereo multiplex op- 
eration. Soa simple change of crystal 
frequency is not a solution. 

A specially cut crystal running 
at 7.77953MHz would allow the 
88.9MHz setting to operate at 
91MHz. This will shift the 38kHz 
and 19kHz pilot tone to 38.9kHz 
and 19.45kHz respectively and may 
affect the stereo operation but it will 
still operate in mono. Specially cut 
crystals can be obtained from Hy-Q 
Crystals — http:/Awww.hy-q.com.au/ 
specdrawings.htm#tCrystals 

The QC49/S type would be suit- 
able. An alternative solution would 
be to buy an FM transmitter designed 
to transmit from an MP3 player. 
These are available from Dick Smith 
Electronics, such as the Belkin XH- 
8217 and C9950. There is also the 
C5810. They appear to be settable 
to any FM frequency but check that 
they can be set to 91MHz. 
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Ignition) For Old)/Mercury Outboard) Motor, 


I have a 1969 in-line 6-cylinder, 
2-stroke, 125 HP Mercury outboard 
motor. A friend and I have rebuilt the 
motor. The original ignition system 
is a CDI with a complex mechanical 
spark advance mechanism which is 
worn badly and difficult to impossi- 
ble to replace or satisfactorily repair. 
I wish to bypass it using the Pro- 
grammable Ignition Module (PIM) if 
possible. However, there are a some 
issues that make it unclear to me 
whether or not the PIM is suitable. 

There is an unusual trigger system 
inside the distributor. It is described 
in the workshop manual as follows: 
“The trigger which is in the distribu- 
tor comprises a rotor (appears to be 
iron) disk with six evenly placed 
windows or slots cut in it; one for 
each cylinder. There are two “op- 
posite facing coils... one produces 
a magnetic field and the opposite 
coil produces a trigger signal when 
a slot passes”. The trigger operates 
an SCR which discharges a capacitor 
into the primary coil. It produces a 
very impressive spark into centre 
pin only spark-plugs. 

Iam uncertain whether this is a 
Hall Effect sensor, a reluctor or some 
proprietary Mercury device. It has 
three leads — one is definitely a trig- 
ger sensor which is also run to the 
tachometer. There doesn’t appear to 
be anyone alive who knows exactly 
what the trigger system principle 


12AX7 valve 


preamplifier 

I have had a 12AX7 Valve Audio 
Preamplifier kit (SILICON CHIP, Novem- 
ber 2003) sitting in my drawer for a 
few years and recently assembled it. 
I can’t seem to get the 100kQ trimpot 
VR1 to adjust the DC voltage down to 
260V; it tends to hover around 380V. 

When I plug it into an amplifier it 
crackles heaps. On the circuit diagram, 
VR1 has one leg that goes to a 220kQ 
resistor, one leg that goes straight to 
earth and the variable leg also goes to 
earth. I gather this is so the DC voltage 
can be regulated. 

On the parts overlay diagram how- 
ever, itappears that the two legs of VR1 
that go to earth on the circuit diagram 
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is. Even some mechanics I have 
managed to find who once worked 
on these engines, glaze over on this 
point. 

There is no vacuum advance 
mechanism. Advance or retard is 
accomplished by rotating the trig- 
ger coils in relation to the rotor disk 
openings (slots); this is the mechani- 
cal part I wish to by-pass. There are 
three synchronised side-draft carbu- 
rettors and the mechanical advance/ 
retard is directly linked to the degree 
of throttle opening. As far as I can 
tell, this means there is basically 
only one value of advance/retard 
value for any given throttle setting. 
The spark appears to advance to a 
maximum of around 38-40° and is 
then retarded back to 34° at wide 
open throttle. 

However, it appears possible to in- 
stall a vacuum line as there is a hose 
network on the outside of the motor 
which links the manifold areas of 
the three carburettors. It appears this 
network is for pressure equalisation 
for what would otherwise be three 
pressure isolated intake chambers 
within the engine block. 

My current plan is to get the motor 
running with a Commodore MAP 
sensor installed in the pressure 
equalisation line and measure the 
response at various throttle/load 
settings, eg, with a lot of weight on 
board and towing a skier/drogue, etc 





directly are actually passing through a 
47kQ resistor. Am I misunderstanding 
something or is there a known error? If 
so, how do I fix it? (M. R., via email). 
@ Although there is a small discrep- 
ancy between the schematic and board 
overlay diagrams for the power supply 
section of the 12AX7 preamp, this 
is only “cosmetic” in the sense that 
because trimpot VR1 and the 200kQ 
resistor are connected in series, they 
have the same total resistance whether 
the 200kQ resistor is connected to the 
“top” end of VR1 or to the bottom end. 

Hence, there is no known error in 
the power supply circuit which would 
prevent the converter’s output voltage 
from being adjusted. However you 
are correct in judging that there is a 
problem associated with the feedback 





versus minimum weight etc. Then 
remove most of the old mechanical 
advance mechanisms, fix the dis- 
tributor so that it can’t rotate, run 
an accelerator cable directly from 
the carburettor spindle, then add 
and program the ignition module 
using the trigger sensor as input. 

So is the PIM suitable for this 

type of engine? If so, any idea of 
which of the six options for the 
PIM is suitable for this situation or 
what test I might run to find out? 
All Thave is a basic multimeter but 
I might be able to hunt up some 
other test equipment at a pinch. At 
the moment I am leaning towards 
a Hall Effect device but the use of 
the word “coil” in the description of 
the mechanism makes me uncertain 
what it is. (L. S., via email). 
@ Given that the motor was made 
in 1969, it is doubtful that the sen- 
sor is a Hall Effect type, especially 
in view of the mechanical spark 
advance mechanism which is being 
used. That being the case, it appears 
that a coil system is being used and 
possibly it is a reluctor set-up. You 
can check if it is a coil as the resist- 
ance across the two wires would be 
low, say less than 200Q. 

There does not seem to be any 
reason why you cannot use the Pro- 
grammable Ignition system on the 
motor. The reluctor version would 
probably be the most suitable. 


circuit somewhere, if your converter’s 
output voltage remains “hovering” at 
around 380V and cannot be adjusted 
using VR1. 

To track down where the problem 
lies, measure the voltage at pin 1 of IC1, 
relative to pin 7 (PC board ground). If 
the feedback circuit is operating cor- 
rectly but the comparator inside IC1 
is not, this voltage will probably be 
about 7-7.5V and should vary as VR1 
is adjusted. This would suggest that 
IC1 is in some way damaged. 

On the other hand, if the voltage 
between pin 1 and pin 7 is close to 
zero and does not vary when VR1 is 
adjusted, this would suggest that the 
problem is in the feedback circuit 
itself. You may have a faulty solder 
joint on one of the 680kQ 1W divider 
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resistors (or at one end of the 47kQ or 
220kQ resistors, or on VR1 itself) or a 
tiny crack in one of the PC board tracks 
linking the high-voltage DC output at 
the cathode of D2 back to pin 1 of IC1, 
ie, via the 680kQ 1W resistors. 

When you do find and fix the fault 
and the converter is operating cor- 
rectly, you should be able to measure 
a voltage close to +5V at pin 1 of IC1. 


Energy required to 


make solar panels 


It takes a certain amount of energy in 

kilowatt-hours to create a solar panel. 
My question is, is the solar panel ever 
going to supply more energy than 
went into making it? And if a person 
is reasonably conscientious about how 
they look after a solar panel array, what 
ultimately determines its useful life? 
(I. T., Blacktown, NSW). 
@ This question of whether solar pan- 
els cost more in energy to produce than 
they ever deliver in their life has often 
been raised by environmentalists. The 
answer is that they do deliver more 
energy but it may take several years 
or more. In fact, the energy cost of 
solar panels is partly reflected in their 
high price. However, they are really no 
more expensive to produce than other 
semiconductors. 

If you think about the bulk prices 
of semiconductors, they are still rela- 
tively expensive when you consider 
the “area” of each individual device, 
eg, a microprocessor or memory chip. 

Solar panels do last a very long time. 
We would expect them to last at least 
30 years. Ultimately, the failure of a 
panel is more likely to be due to cor- 
rosion and fatigue of the frame, hail 
or storm damage, etc. If you calculate 
the amount of energy delivered by a 
solar panel over this period, it will be 


High-Quality Stereo DAC, Septem- 
ber-November 2009: although not 
critical, the 6.8kQ resistor connected 
to pin 22 of IC3 (DIR9001) should 
be changed to 680Q. This change 
affects both the circuit diagram 


(Fig.2) in the September 2009 issue 
and the parts layout diagram (Fig.5) 
in October 2009 (the resistor is just 
to the left of IC3). 


Balanced Output Board For The 
Stereo DAC, January 2010: pins 1 
& 2 of the XLR sockets are shown 


far larger than the original production 
input. 


Troubleshooting the 


inductance meter 

I assembled the Inductance Meter 
(SILICON CHIP, February & March 
2005) and loaded the firmware, Flash 
and EPROM but the LCD shows gray 
blocks, the same as without the pro- 
gram loaded. 

Do you have any procedure to 

troubleshoot this board? (C. H., Coral 
Gables, Florida). 
@ Our biggest concern is that, being 
overseas, you would not have access to 
the Dick Smith LCD part quoted in the 
article and would have used some, not 
necessarily compatible, alternative. 

We presume the Flash and EPROM 
not only loaded but also verified OK. 
This being the case, the first issue is 
whether the LCD panel used is the 
same as that specified in the article, 
ie, DSE Cat Z- 4170. 

Display panels, even if they use the 


WARNING! 


transposed on the circuit diagram 
(Fig.1, page 43). The PC board and 
the parts layout diagram (Fig.2, page 
44) are correct. 

Note also that phantom power 
should not be applied to the XLR 
sockets of the Balanced Output 
Board (ie, phantom power should 
be switched off). Alternatively, cut 
the tracks between the 1002 resistors 
and the XLR sockets and install 10uF 
bipolar (BP) electrolytic capacitors 
across the gaps (ie, in series with the 
pin 2 & pin 3 outputs). 





16x2 character format, are not neces- 
sarily compatible due to different 
command formats. Even if the display 
driver, the KSO066, is the same there 
could be subtle differences in the way 
the board is wired. 

The Z-4170 is still available from 
DSE and can be ordered via their web- 
site: www.dicksmith.com.au 

If the LCD module is indeed a DSE 
Z-4170 and the program loads and 
verifies OK, a faulty connection either 
on the PC board or between the LCD 
and board must be suspected. With 
the power off, check for connection 
between pins 4, 5, 6, 11, 12, 13 &14 
on the LCD module and corresponding 
pins 19, 18, 14, 11, 15, 16 &, 17 on the 
AT9082313. 

Ifthese are OK, check for +5V on pin 
2 of the LCD and OV at pin 1. Check 
that pin 3 is in the range 2-4V. 

If all is well, check that pin 1 of the 
microcontroller is high. Check also 
that a 10MHz clock signal is present 
on pin 5 and that pin 4 is floating us- 

... continued on page 103 
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ELNEC IC PROGRAMMERS 
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Realistic ie | o. : 
Free software updates os , 
Large range of adaptors 
Windows 95/98/Me/NT/2k/XP 
CLEVERSCOPE 

USB OSCILLOSCOPES 
2 x 100MSa/s 10bit inputs + trigger 
100MHz bandwidth am 7 
8 x digital inputs P 


4M samples/input SB. Di 
Sig-gen + spectrum analyser 
Windows 98/Me/NT/2k/XP 


IMAGECRAFT C COMPILERS 
ANSI C compilers, Windows IDE 
AVR, TMS430, ARM7/ARM9 
68HCO08, 68HC11, 68HC12 


GRANTRONICS PTY LTD 


www.grantronics.com.au 


FOR SALE 





RCS RADIO/DESIGN is at 41 Arlewis 
St, Chester Hill 2162, NSW Australia 
and has all the published PC boards 
from SC, EA, ETI, HE, AEM & others. Ph 
(02) 9738 0330. sales @rcsradio.com. 
au; www.rcsradio.com.au 





LEDs! Nichia, Cree and other brand 
name LEDs at excellent prices. LED 
drivers, including ultra-reliable linear 
driver options. Many other interesting 
and hard-to-find electronic items! 
www.ledsales.com.au 
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Transformers 


Output Transformers 


Power Transformers 
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Electronics Phone (02) 9593 1025. 
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terrystransistors.com.au: genuine 
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Electronic World — large range of semi- 
conductors and passive components for 
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digital standards converters - tbc's 
switchers - cables - adaptors 
genlockers - scan converters 
bulk vga cable - wallplates 
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High Performance 
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Quest AV: VGA Splitter 
VGS2 
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Cables 
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AV Wallplate 
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Circuit Clarification For 12V Lighting Controller 


I must congratulate Jim Rowe on 
producing yet another very interest- 
ing article, namely the Emergency 
12V Lighting Controller (SILICON 
CHIP, January 2008). I have studied 
his design, as usual, in quite some 
depth and I have a query about the 
description in the text of how it 
works in the section entitled “Power 
Failure”. 

You say that the 555 IC output is 
set as a result of the positive going 
transition of pin 2 as it crosses the 
4V threshold a short time after pin 4 
goes high, the delay being caused by 
the 2.2uF capacitor. However, I hope 
you will not mind me saying that I 
do not believe this to be the case. I 
believe pin 3 goes high immediately 
when pin 4 goes high, a result of pin 
2 simultaneously being taken below 
the lower comparator 4V threshold. 

I believe that a 555 output is set 
on the negative-going transition of 
pin 2 (Trigger) as in the classic mon- 
ostable and astable configurations. 


I believe that the positive-going 
transition of pin 2 has no effect on 
the pin 3 output. The only effect of 


this positive-going transition is to 
release the flipflop so that it can be 
reset on the positive-going transition 
of pin 6 (Threshold) as it crosses the 
8V threshold, as in the case of a low 
battery voltage condition. 

So in fact the 2.2uF capacitor 
holds the Trigger input (Pin 2) low 
for a short time to ensure a good set 
of the 555 output before letting it 
(pin 2) go high, therefore ensuring 
the circuit functions correctly. 

I hope you don’t mind me point- 
ing out the above and I hope you’ll 
appreciate receiving some positive 
reader feedback! I would be pleased 
to receive a response with an opin- 
ion on my analysis of the above 
aspect of your circuit. Keep up the 
good work. (C. H., via email). 

@® You are quite correct in your 
analysis of the mechanism by which 
the 555 is switched into the set state 
when the mains power fails. The 
switch-on of the 555 occurs as soon 
as the voltage at its lower compara- 
tor input (pin 2) is pulled below 
about 4V, by Q2 conducting due to 
the charging of the 2.2uF capacitor. 
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12/24V PWM 





.. continued from page 101 mum frequency of 0.1Hz. It cannot 
detect monostable pulses that occur at 
a low frequency or only occasionally. 

The input voltage can be up to +50V 
and -50V so this would suit a digital 
circuit. When the diodes clamp the 
voltage, the input is still via a 100kQ 
resistor and parallel 22pF capacitor. 
This would minimise loading of the 
digital circuit. 


Printed Circuit Board Manufacture 
48-Hour service * High quality * Low Brose 

> 1 offs to any quantity ° 

—\ ad Artwork design ifrequired 4 J 

9 % 0 0 Call for obligation free quote... - 

0 INSTANT PCBs, POBox ys Avalon 2107 alo 

Ph (02)9974 1189 Fax (02)99) 


ing an oscilloscope of at least 10MHz 
bandwidth with the probe set to high 
impedance. 

If all the above are OK, then either 
the LCD panel or the microcontroller 
is faulty and should be replaced. 












Detecting low- 


repetition pulses 


I want to build the 50MHz Frequen- 
cy Counter published in the February 
2007 issue of SILICON CHIP. Will the 
frequency counter pick up monos- 
table pulses from digital projects? 
Secondly, what is the voltage rating 
at the input of the project, eg, will it 
measure 6V? The two input protection 
diodes conduct above 600mv. (R. M., 
Auckland, NZ). 

@ The frequency meter will detect a 
pulse train but the repetition rate of the 
pulses must be higher than the mini- 


Improving the digital 
audio oscillator 

I am interested in building the Dig- 
ital Audio Oscillator featured in the 
June 2009 issue. Would it be possible 
to better the THD+N performance by 
changing op amp IC2 to a better qual- 
ity device? 
@ There would be no improvement. 
The THD of the oscillator is set by the 
microcontroller and its ladder network 
and this quite a lot higher than even 
general purpose op amps. sc 


Yom ColU mar: \-we- We lerele Medi corti mie (=t- ig 
If so, sketch it out, write a brief 
fo[-Sfolg ie} ife]ame) m@itcme) ol-1e-lilel gi. 
send it to us. 
ede) Ucol-vomicolelat(e(-t-m tm Vela ¢-le](-m-4 
original, we'll publish it in Circuit 
Notebook & you'll make some 
money. We pay up to $100 for a 
(ofofete Medi cel¥]| ace l-t- mo] ma\folt mere] silo] 
win some test gear. 
Silicon Chip Publications, 

PO Box 139, Collaroy, NSW 2097. 
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Jaycar Electronics is a rapidly growing, Australian owned, international 
retailer with more than 60 stores in Australia and New Zealand. Due 
to our aggressive expansion program we are seeking dedicated sales 
professionals to join our retail team to assist us in achieving our goals. We 
pride ourselves on technical expertise from our staff. Do you think that the 


following statements describe you? Please put a tick in the boxes that do: 


0 Knowledge of core electronics, particularly at a component level 
O Retail experience, highly regarded 
oO Assemble projects or kits yourself for your car, computer, audio etc 
O Have energy, enthusiasm and a personality that enjoys helping people 
0 Opportunities for future advancement and development 
0 Why not do something you love and get paid for it? 
Please email us your applicaton & CV in PDF format, including location 
preference. We offer a competitive salary, sales incentive and have a 
generous staff purchase policy. Applications should be emailed to 


Jaycar 


Elechonics 


RFMA 


jobs@jaycar.com.au 


Jaycar Electronics is an Equal Opportunity Employer 
& actively promotes staff from within the organisation. 


RF Modules Australia 


Low Power Wireless Connectivity Specialists 


OEM Bluetooth Modules | SENA OEM Bluetooth Evaluation Kits: 


Easy to use. SPP. P2P. 
AT cmds. Serial interface 
Class 1: / 
Class 2: / 
Class 1: V2.0+EDR 
Range: Class 1 up to 1km 
Full range of accessories. 


$150+GST each (Jake ° 
Includes: Eval board, module, cables & software 





RF Modules Australia. P.O. Box 1957 Launceston, TAS., 7250. 
Ph: 03-6331-6789. Email: sales@rfmodules.com.au. Web: rfmodules.com.au 


There’s something to suit every 
radio frequency fan in the 
SILICON CHIP reference bookshop 


RF Circuit Design 
- by Chris Bowick 


A new edition of this classic RF 
design text - tells how to design 
and integrate RF components into 


virtually any circuitry. S75 


Practical RF H’book 

— by lan Hickman 

A reference work for technicians, 

engineers, students and the more 

specialised enthusiast. Covers all 

the key topics in RF that you 
°30 


need to understand 
Practical Guide To 
Satellite TV 

— by Garry Cratt 

The reference written by an Aussie 


for a ry lal a 
you need to know. 549 


You'll find many more technical 
titles in the SILICON CHIP 
reference bookshop - see 

elsewhere in this issue 
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| www.iinet.net.au/-worcom | 


} WORLDWIDE ELECTRONIC COMPONENTS 


} Ph: (08) 9307 7305 Fax: (08) 9307 7309 | 


.— 


PO Box 631, Hillarys, WA 6923 





Email: worcom@iinet.net.au 


Silicon Chip 
Circuiteldeas) 
Wanted 


Toh oleh at-\V-¥- Ke (elere| 
circuit idea? If so, 
sketch it out, write 
F- Wale) a (=) are (-.-1e1g)e)t(e)a] 
of its operation & send it to us. 


sdgeyucel-tem'celt lai (o(-t-Bmuvelg cle) (= 
& original, we'll publish it in 
beri Zeitiia) (e}(-Jelele) aa elim etit-L Cy 
some money. We pay up to $100 
fo) ge- lac (elele Mel icerl liam (e(-1- Bre) am'zele| 
could win some test gear. 


Silicon Chip Publications, 
PO Box 139, Collaroy, NSW 2097. 
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eo THE AMATEUR SCIENTIST 


Two incredible CDs with over 1000 classic projects 
from the pages of Scientific American, -&< 
covering every field of science... 


ERSION 3 Arguably THE most IMPORTANT collection of 
NCLUDES scientific projects ever put together! 
























BONUS SCIENCE his j . . r Editi 
CO ARE : is stood go tener Fair dition 
IBRARY! rom the pages of Scientific American. 


As well as specific project material, the CDs: 7 SS 
contain hints and tips by experienced 
amateur scientists, details on building /, 
science apparatus, / >» 
a large database | a 


SCIENTIFIC of chemicals and 
» AMERICAN < § so much more. 





PLUS $10 Pack and Post 
» mitnin Australia 





i “WZ P&P: $AU12.00, 
eo Elsewhere: $AU18.00 
“A must for every science student, science 


teacher, science lab... or simply for those 
with an enquiring mind... 


Just a tiny selection of the incredible range of projects: 


e Build a seismograph to study earthquakes e Make soap bubbles that last for months e 
Monitor the health of local streams e Preserve biological specimens e Build a carbon 
dioxide laser e Grow bacteria cultures safely at home e Build a ripple tank to study wave 
phenomena « Discover how plants grow in low gravity « Do strange experiments with 
sound e Use a hot wire to study the crystal structure of steel e Extract and purify DNA 
enn. in your kitchen eCreate a laser hologram e Study variable stars like a pro e Investigate 
<ponus Science vortexes in water » Cultivate slime moulds e Study the flight efficiency of soaring birds 
eee e How to make an Electret e Construct fluid lenses e Raise butterflies as experimental 
animals » Study the physics of spinning tops e Build an apparatus for studying chaotic 
"The science deal of the century." systems « Detect metals in air, liquids, or solids e Photograph an ant's brain and 
John Bollinger nervous system « Use magnets to make fluids into solids » Measure the metabolism of 
an insect... . » and many, many more (a thousand more, in fact!) 


ee the V2 review in SILICON CHIP, October 2004... or read on line at siliconchip.com.au 
“This is Version 3... it’s even BETTER! 


HERE’S HOW TO ORDER YOUR COPY: 


: 
THE AMATEUR SCIENTIST 30 


The Complete Collection 
Super Science Fair Edition 















Instructions to perform over 1,000 classic 
experiments from every field of science 


Ages 12 to Adult 














» BY PHONE:* 5 p BY FAX:# =~ BY EMAIL:# BY PAYPAL:# BY MAIL:# BY INTERNET.” 
* (02) 9939 3295-75 £ (02) 9939 2648 silicon@siliconchip.com.au PayPal silicon@siliconchip.com.au ven Box 139, siliconchip.com.au 
ee SS Mon-Fri  “S/) 24 Hours 7 Days = 24 Hours 7 Days 24 Hours 7 Days ota NSW 2097 24 Hours 7 Days 


* Please have your credit card handy! # Don’t forget to include your name, address, phone no and credit card details. “ You will be prompted for required information 


There's also a handy order form inside this issue. 


Exclusivein SYLIGON 
Australia to: CHipPp siliconchip.com.au 










































‘i ARE: \ 100% Australian Owned Est. 1930 
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THREAD GAUGE 


28 Whitworth/ 24 Metric 
(Q610) 


RULERS 













H.S.S. FULLY GROUND 
CENTRE DRILLS 


_-- 


Size Point Dia. Shank Length 
1,25mm 3.15mm 31mm (D501) 


DIGITAL ANGLE GAUGE 


* Absolute & incremental 
* Zero button ¢ 360° Range 








DIVIDERS 
(Q634) 



























INSIDE 
(Q635) 











6"/150 (Q620) 






























OUTSIDE 12"/300 (Q621) 2 2mm 5mm 40mm (D502) 
(Q636) 24"/600 (0622) 3 315mm 8mm 50mm (D508) 

4 4mm 10mm 56mm (D504) 

40"/1000 (Q623) 5 5mm 12.5mm 63mm (0505) 




















DEBURRING TOOLS DEBURRING TOOLS & KITS 


Universal Kit 
with 2 Holders 
& Accessories 


TAP & DRILL SET ; H.S.S. DRILL SETSpat tos 


29 Pce Metric Set ; Precision ground 
(T019) 


BENCH VICES - cast Steel 















Deburrer - 10 x blades ( 

Spare Blade Pkt x 10 (DO605) 25pce Metric 
Pocket - 10 x blades ( 

Spare Blade Pkt x 10 ( 

Sheetmetal Deburrer (D063) 
“6M = eB 0060 


saree, 
a « 


= (D061) 


COUNTERSINK S wa} | 118mm 


(D062) Metric 6-20mm (D127) 


(D105) 
HOLE ENLARGING 29pce Imperial 
DRILL SET 1/16 - 1/2" 


3-piece Set (D128) 
(D107) 


Countersink 
Set 


(D064) 


4" 100mm 
5" 125mm (vo89) 
6" 150mm 



















HAND SHEARS 3 IN 1 SHEETMETAL 


MACHINE 


WORKSHOP DRILL SET 


170 Piece 1-10mm D126) 





BENCH DRILL 


© 1HP 240Volt 
* 16-speed 
¢ 16mm drill capacity 
© 170mm throat depth 
* Medium duty 
¢ Drill depth stop 
¢ Safety magnetic switch 
¢ Includes 16mm 

drill chuck 


(D138) 






Bender 
Rolls 
Guillotine 














4mm Shear, 
150mm Blade (S186) 


6.5mm Shear, 
308mm Blade (S188) 


HM-10 MINI MILL DRILL 


* 350W, 240V Motor * 385mm x 93mm Table 
* Electronic Variable speed * 2 speed gearbox 
* Head tilts +45° both directions 
¢ Ground work table with T-slots 
¢ Spring return assisting milling head 
* Vertical micro feed dial .025mm 
* Metric dial graduations 0.02mm 
¢ 2-speed gearbox (high / low) drive 
system to maximise torque 


Spring Return Sliding Lock — 
System 
} : 


Electronic Variable Milling Head 
Speed System Tilts +45° 






10 piece 16-51mm 







300 x 1mm (S648) 
760 x 1mm (S650) 










11 piece 19-76mm 





FITTING AND MACHINING 
* 639 pages 

of technical 

information 


AL-30 BENCH LATHE 


© 250W 240V Motor * 180mm x 300mm * Cast Iron ribbed bed 
* 300mm BC * 90mm CH =» High/low speed gear lever 

¢ Electric variable speed from 0-2500rpm 

¢ Forward/reverse spindle direction switch 

¢ Precision ‘V’-beds are hardened and ground 

* Includes a set of change gears for metric thread cutting 

* Includes 8mm, 5 piece Turning Tool Set 






(L194) 






* Hard cover 










Tool Set 
Included 









PRECISION MACHINE 
VICES 

















Optional Accessories 
4 Jaw Chuck - 80mm (L195) 






L197 L196 L195 


£$ de. 











1 x Fixed Steady, 
1 x Travelling Steady 


SEE MORE 


SYDNEY Ph: (02) 9880 S111 MELBOURNE Ph: (03) 9212 4422 
BRISBANE Ph: (07) 32744222 PERTH Ph: (08) 9373 93899 





) 
Face Plate - 0160mm (L196) 
) 


4” 62mm open (L197 









Specifications & Prices are subject to change without notification. All prices include G.S.T. and valid until 12-03-10 (*WA prices may be higher due to freight costs) 


